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I. — Note  on   Rosolic  Acid. 
By  Dr.  Hugo  Muller. 

Some  years  since,  while  working  with  phenyl-alcohol  (carbolic 
acid)  I  made  an  attempt  to  prepare  and  pnrify  this  substance,  by 
converting  the  so-called  crude  carbolic  acid,  as  obtained  from  the 
Tar  Works,  into  a  lime-salt,  and  leaving  this  compound  for  some 
time  exposed  to  the  action  of  the  air,  with  the  view  of  removing 
any  adhering  liquid  hydrocarbon,  naphthalin,  and  also  those  impu- 
rities which  cause  carbolic  acid  to  turn  brown  by  keeping. 

Latterly,  while  working  in  Mr.  Warren  De  la  Rue^s  laboratory, 
a  larger  quantity  of  this  crude  carbolate  of  lime  was  left  for  many 
months  in  a  warm  drying  closet,  and  this  circumstance  having 
escaped  my  notice  for  some  time,  in  consequence  of  other  more 
pressing  matters  occupying  my  attention,  I  was  astonished  on 
again  examining  this  carbolate  of  lime,  to  find  the  whole  mass 
converted  into  a  red  substance,  which,  on  treatment  with  water, 
gave  a  beautiful  dark  red  solution ;  and  not  a  trace  of  carbolic  acid 
(phenyl-alcohol)  could  be  extracted,  either  from  the  aqueous  red 
solution  or  from  the  insoluble  brown  residue,  the  latter  containing 
only  carbonate  of  lime,  a  small  quantity  of  caustic  lime,  and  a  dark 
brown  resinous  substance. 
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A  few  experiments  made  witli  the  red  aqueous  solution,  soon 
sufficed  to  show  that  it  consisted  principally  of  a  substance  dis- 
covered many  years  ago  by  Runge,  and  named  by  him  E/Osolic 
Acid. 

This  unexpected  result,  and  the  fact  that  this  substance  had  not 
been  observed,  or  at  all  events  mentioned,  since  the  time  of  its 
discovery,  induced  me  to  make  a  few  experiments  in  order  to 
complete  the  history  of  this  interesting  body,  so  far  as  my  material 
would  permit,  the  more  especially  as  several  chemists  have  ex- 
pressed doubts  as  to  the  existence  of  this  beautifiJ  compound. 

After  ha\dng  tried  E-unge's  method  for  the  extraction  of  rosolic 
acid,  it  was  found  to  be  preferable  to  exhaust  the  crude  material 
mentioned  above  with  a  very  dilute  and  boiling  solution  of  carbonate 
of  ammonia,  and  to  evaporate  the  so-obtained  crimson  solution 
nearly  to  dryness.  During  this  operation,  ammonia  is  given  oflP, 
the  crimson  colour  changing  gradually  to  a  yellowish  red,  and  a 
dark  resinous  substance  separates  at  the  same  time. 

This  resinous  substance  is  the  crude  rosolic  acid.  In  order  to 
purify  it,  it  was  submitted  to  the  following  treatment  proposed  by 
Runge  :  the  crude  rosolic  acid  was  dissolved  in  alcohol,  and  hydi'ate 
of  lime  added  in  slight  excess;  the  beautiful  crimson  solution  thus 
formed,  was  agitated  for  some  time  with  the  undissolved  part  of  the 
lime,  and  then  filtered;  the  filtrate  diluted  with  water;  and  lastly, 
the  alcohol  distilled  off.  The  residuary  solution  of  rosolate  of  lime 
was  then  decomposed,  with  a  just  sufficient  quantity  of  acetic  acid, 
and  the  whole  boiled  vmtil  every  trace  of  free  acetic  acid  and 
still  adhering  alcohol  was  volatilised.  The  rosolic  acid  separated 
in  the  form  of  a  bright  red  precipitate,  which,  on  the  application 
of  heat,  caked  together,  and  after  cooling,  formed  a  dark  brittle 
substance  with  a  greenish  metallic  lustre.  The  object  of  this 
treatment  is  theVemoval  of  a  substance  also  discovered  by  Runge, 
and  called  by  him  brunolic  acid,  which,  when  combined  with 
lime,  is  insoluble  in  alcohol.  To  ensure,  however  a  perfect  separ- 
ation of  this  latter  substance  from  the  rosolic  acid,  it  was  found 
necessary  to  repeat  the  above-mentioned  treatment  of  the  alcoholic 
solution  with  lime. 

On  incineration,  the  so-prepared  rosolic  acid  was  found  to  leave 
a  considerable  quantity  of  carbonate  of  lime.  In  order  to  get  rid 
of  the  lime,  it  was  again  dissolved  in  alcohol,  and  a  minute  quantity 
of  hydrochloric  acid  added;  the  alcoholic  solution  was  then  thrown 
into  a  large  quantity  of  water,  which  precipitated  the  rosolic  acid 
in  a  state  of  purity,  and  fit  for  analysis, 
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Pure  rosolic  acid^  previously  boiled  with  water,  is  a  dark 
greenish,  amorphous  substance,  which  possesses  iu  a  high  degree 
the  greenish  metallic  lustre  of  cantharides.  Its  powder  is  of  a 
bright  red,  and  resembles  very  much  a  Brazilian  dye-stufl"  called 
carajuru,  recently  investigated  by  Erdmann;  like  this  substance, 
when  pressed  or  rubbed  with  a  hard  and  smooth  body,  it  assumes 
a  bright  gold-like  lustre,  and  during  pulverization  it  becomes 
highly  electric.  In  thin  layers,  rosolic  acid  is  transparent,  with  a 
fine  red  tint;  very  thin  films  in  transmitted  light  appear  of  a 
deep  orange  colour,  and  in  reflected  light,  of  a  golden  metallic 
lustre.  When  thrown  down  from  an  alcoholic  solution  with  water, 
it  forms  a  flocculent  precipitate  of  a  bright  red  colom-,  resembling 
basic  chromate  of  lead. 

At  a  temperature  of  about  60°  C.  (170°  F.)  it  cakes  together, 
and  in  boiling  water  melts  to  a  heav}^,  dark  greeu,  almost  black 
liquid.  It  is  not  volatile ;  when  heated  in  a  tube,  it  melts  and  gives 
ofl"  yellow  fumes;  but  the  principal  part  remains  behind  as  a  charred 
mass  or  coke,  extremely  difficult  to  burn  on  the  platinum  foil. 

Alcohol  and  ether  dissolve  rosolic  acid  with  great  facility,  form- 
ing brownish  yellow  solutions,  which  on  evaporation  leave  the 
rosolic  acid  in  an  amorphous  state.  Carbolic  acid  and  wood 
creosote  likewise  dissolve  it  with  ease. 

Concentrated  acids,  as  acetic  acid,  hydrochloric  and  sulphuric 
acids,  also  readily  dissolve  rosolic  acid;  from  the  resulting  brownish 
yellow  solutions  water  precipitates  the  original  substance  in  a 
flocculent  state.  Contrary  to  Runge's  experience,  I  found  that 
when  in  a  state  of  purity,  it  is  solul)le  to  a  certain  extent  even 
in  cold  water,  forming  a  bright  yellow  solution ;  boiling  water, 
however,  dissolves  it  much  more  readily,  and  yields  up  the  greater 
part  on  cooling,  as  a  granular  deposit  of  a  remarkably  bright  red 
colour,  approaching  vermilion  in  brilliancy. 

In  chloroform,  benzol,  and  sulphide  of  carbon,  rosolic  acid  is 
insoluble. 

Although  the  substance  under  consideration  was  originally 
denominated  an  acid  by  its  discoverer,  it  must  be  remarked  that 
its  acid  properties  are  so  feebly  manifested,  that  it  is  even  a  weaker 
acid  than  carbonic  acid.  It  only  combines  with  ammonia,  the 
caustic  alkalies  and  caustic  earths;  it  forms  with  them  dark  red 
compounds,  which  dissolve  with  the  most  magnificent  red  colour  in 
water  and  alcohol ;  but  these  compounds  are  so  unstable  that  when 
exposed  to  the  combined  action  of  the  air  and  sunlight,  they  are 
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soon  decomposed,  the  carbonic  acid  of  the  air  seizing  the  base. 
The  prolonged  action  of  light  and  air  ultimately  destroys  the 
rosolic  acid  completely. 

A  solution  of  the  lime-salt,  when  carefully  evaporated  over 
caustic  lime  in  a  vacuum,  leaves  the  compound  as  a  granular  or 
crystalline  powder,  which  when  pressed  resembles  carthamine. 

The  only  compound  of  rosolic  acid  which  shows  comparative 
stability  is  the  magnesia-salt,  most  probably  on  account  of  the 
lesser  aflfinity  of  this  base  for  carbonic  acid.  The  employment  of 
caustic  magnesia  in  the  purification  of  rosolic  acid  has,  therefore^ 
advantages  over  that  of  lime. 

No  precipitates  are  formed  with  a  solution  of  the  rosolates  with 
the  acetate  or  basic  acetates  of  lead,  or  with  any  other  metallic  salt, 
nor  is  it  carried  down  as  a  lake,  by  alumina  or  any  other  metallic 
oxide. 

It  will  be  perceived  that  this  behaviour  is  at  variance  with  the 
statement  made  by  Runge,  according  to  which  rosolic  acid  gives 
with  certain  mordants,  red  tints  and  lakes  equal  to  those  furnished 
by  cochineal  and  madder. 

However,  even  if  this  were  the  case,  the  extreme  fugitiveness  of 
rosolic  acid  precludes  the  hope  of  its  application  in  the  arts, 
although  its  compoimds  are  of  the  most  beautiful  red  colour,  and 
its  preparation  on  the  large  scale  would  not  be  attended  with  any 
difficidty. 

Chlorine  and  bromine  act  readily  upon  rosolic  acid,  either  when 
dissolved  in  alcohol  or  in  an  alkaline  solution,  forming  a  light 
yellow  compound  which  no  longer  dissolves  with  red  colour  in 
caustic  alkalies. 

Nitric  acid  heated  with  rosolic  acid,  acts  in  a  similar  manner 
to  chlorine  and  bromine. 

A  solution  of  grape-sugar  in  caustic  potash  has  no  effect  upon 
rosolic  acid. 

The  analysis  of  rosolic  acid  presents  some  difficulty,  on  account 
of  the  resistance  it  offers  to  burning ;  it  is,  therefore,  necessary  to 
use  oxygen  for  its  combustion, 

I.  0-2025  grains  substance,  dried  over  sulphuric  acid,  gave 
0-5669  carbonic  acid,  corresponding  to  76'2-t  per  cent,  carbon ; 
and  0"1073  water,  corresponding  to  5'88  per  cent,  hydrogen. 

II.  0'1844  substance  gave  0'5113  carbonic  acid,  corresponding 
to  75'61  per  cent,  carbon;  and  0'0960  of  water,  corresponding  to 
5'78  per  cent,  hydrogen. 
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These    results    agree    with    the    following    empirical   formula 


^46-^22^8  which  requires  : — 

Theory. 

I. 

Experiment. 

II.            Mean. 

C^g  =  276       76-27 

76-24 

75-61     75-92 

H22  =     22         605 

5-88 

5-78       5-83 

Og   =     64       17-68 

18-25 

362     100-00 

100-00 

There  is,  unfortunately,  no  compound  of  rosolic  acid  stable 
enough  to  serve  for  the  determination  of  its  true  formula. 

With  regard  to  the  formation  of  rosolic  acid,  I  may  mention 
that  I  attempted  to  isolate  the  substance  which,  in  contact  with 
air  and  caustic  alkalies,  gives  rise  to  the  formation  of  rosolic  acid, 
but  without  result,  probably  on  account  of  the  small  quantity 
present,  and  the  similarity  of  its  properties  with  those  of  carbolic 
acid.  Most  probably,  the  substance  in  question  resembles  pyro- 
gallic  acid  and  pyrocatechin,  the  latter  being  also  found  amongst 
the  products  of  the  distillation  of  wood. 

I  must  also  state  that  I  never  succeeded  in  detecting  rosolic 
acid  in  the  way  E,unge  describes,  ready  formed  in  coal-tar  oil  or 
in  carbolic  acid  of  commerce,  unless  the  substance  had  been  pre- 
viously exposed  for  a  considerable  length  of  time  to  the  action  ol 
air  and  caustic  alkali.  The  employment  of  lime  for  this  purpose 
is,  however,  preferable  on  account  of  its  porosity. 

In  concluding  this  note,  I  beg  to  express  my  best  thanks  to 
Mr.  Warren  de  la  Rue,  in  whose  laboratory  the  preceding 
experiments  were  performed. 


II. —  On  the  Arseniates  of  Baryta,  Lime,  and  Magnesia,  and  the 
Separation  of  Arsenic  from  other  Elements. 

By  Fredekick  Field,  M.R.I. A.,  F.C.S. 

All  cTieraists  must  have  experienced  the  difficulty  of  separating 
arsenic  from  other  elements  with  which  it  is  associated.  It  is 
scarcely  necessary  to  say  that  the  method  usually  adopted,  is  to 
precipitate  the-  arsenic  as  sulphide  with  the  other  metals  which  are 
thrown  down  by  sulphide  of  hydrogen  from  their  acid  solutions, 
and  subsequently  digest  the  precipitate  with  the  sulphides  of 
ammonium  or  potassium.  Many  other  bodies,  however,  are  re- 
dissolved  as  well  as  the  sulphide  of  arsenic,  the  separation  of 
which  in  this  stage  of  the  process  becomes  exceedingly  perplexing 
and  difficult.  Even  in  the  earlier  operations  of  the  analysis,  the 
arsenic  has  to  be  entirely  converted  from  arsenic  acid  into 
arsenious  acid,  in  order  to  insure  its  entire  precipitation,  and  this 
is  usually  effected  by  sulphurous  acid  or  a  sulphite.  When  the 
arsenic  exists  in  a  very  large  proportion,  repeated  deoxidations  and 
precipitations  are  necessary,  which  not  only  involve  the  expendi- 
ture of  much  time  and  labour,  but  are  attended  with  loss  of  the 
substance  under  analysis.  Much  of  the  arsenic,  it  is  true,  can  be 
eliminated  by  calcination,  with  occasional  additions  of  carbon ;  and 
probably  in  the  establishments  where  nickel  and  cobalt  are 
obtained  on  a  large  scale,  eight  or  nine-tenths  of  the  arsenic  are 
got  rid  of  by  this  method.  Even  then  the  manipulator  finds  it 
necessary  to  pass  a  powerful  and  long- continued  stream  of  sul- 
phuretted hydi'ogen  through  the  solution  of  the  oxides,  and  to 
expel  the  excess  by  ebullition,  previous  to  the  separation  of  iron, 
nickel,  and  cobalt.  Calcination,  however,  is  inadmissible  in 
chemical  analysis,  for — independently  of  the  mechanical  loss  which 
is  likely  to  occur — some  metals,  especially  silver,  are  volatQe  in 
arsenical  fumes.  Moreover,  presuming  that  all  the  operations 
mentioned  above,  have  been  carried  out  successfully,  the  arsenic 
cannot  be  separated  entirely  by  the  alkaline  sulphides.  Mr. 
Bloxam  has  shown*  that  when  the  proportion  of  copper  is  large, 
*  Quarterly  Journal  of  the  Chemical  Society,  vol.  v,  p.  104. 
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mucli  arsenic  is  left  with  its  sulphide,  even  after  long  digestion 
with  sulphide  of  ammonium,  and  indeed  that  1  per  cent,  of  arsenic 
becomes  insoluble  in  the  alkaline  sulphide,  when  the  remainder 
consists  of  sulphide  of  copper.  In  the  analysis  of  the  ores  of 
nickel  and  cobalt,  I  have  found  the  formation  of  arseniate  of 
potash  highly  useful,  as  a  means  of  separating  arsenic  from  these 
metals.  When  the  arseniates  of  nickel  and  cobalt,  in  solution  of 
hydi'ochloric  acid,  are  boiled  with  excess  of  potash,  they  are 
entirely  decomposed,  the  whole  of  the  arsenic  acid  uniting  with 
the  alkali.  Ammonia  cannot  be  employed,  as  the  arseniate  of 
nickel  is  very  slowly  decomposed  by  this  reagent.  When  native 
arseniate  of  nickel  is  dissolved  in  hydrochloric  acid,  and  ammonia 
added,  a  gelatinous  white  precipitate  is  produced,  and  the  super- 
natant liquid  is  colourless;  and  in  order  to  obtain  the  blue  ammo- 
niacal  solution,  it  is  first  necessary  to  free  the  nickel  from  arsenic. 
Iron  is  also  present  in  this  class  of  minerals,  and  sesqui-arseniate 
of  iron  is  highly  soluble  in  ammonia,  so  that  if  the  substance  con- 
tain arsenic,  it  is  impossible  to  separate  nickel  from  iron  by  that 
alkali.  When  an  arsenical  ore  of  cobalt  (containing  iron)  is 
digested  in  nitro-hydrochloric  acid,  and  ammonia  added  in  excess, 
no  precipitate  is  formed,  provided  there  be  sufficient  arsenic  to 
convert  the  whole  of  the  iron  into  arseniate,  and  chloride  of  ammo- 
nium to  form  a  soluble  compound  with  cobalt.  The  solution  has 
a  fine  brown  colour,  and  is  decomposed  by  sulphate  of  magnesia, 
sesquioxide  of  iron  and  ammonio-arseniate  of  magnesia  being 
formed.  When  only  iron  and  arsenic  are  present,  both  are  preci- 
pitated in  this  manner,  and  the  supernatant  liquid  contains  merely 
ammoniacal  salts. 

The  employment  of  sulphate  of  magnesia  in  conjunction  with 
ammonia,  for  the  determination  of  arsenic  acid,  has  been  pro- 
posed by  Levol;*  and  Rose,  in  his  Handbook  of  quantitative 
analysis,  strongly  recommends  this  process  as  very  accurate,  pro- 
vided certain  precautions  are  adopted  in  preparing  the  arseniate  of 
magnesia  and  ammonia  for  the  determination  of  its  weight.  Rose 
also  applies  this  method  to  the  separation  of  arsenic  from  antimony, 
and  states  that  it  is  the  best  process  known,  furnishing  very 
accurate  results,  if  conducted  with  care. 

I  was  led  in  the  first  instance,  without  previous  acquaintance 
with  the  results  of  Levol  and  Rose,  to  institute  experiments 
with  a  view  to  the  application  of  magnesia  to  the  determination 
*  Ann.  Ch.  Phys,,  [3]  xvii,  501. 
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of  arsenic  in  the  above  manner^  and  to  submit  to  a  comparative 
examination  the  precipitates  produced  by  baryta,  lime,  and  mag- 
nesia in  an  ammoniacal  solution  of  arsenic  acid,  for  the  purpose  of 
ascertaining  the  relative  values  of  the  alkaline  earths  in  this 
branch  of  analysis.  The  present  communication  contains  a  sum- 
mary of  these  experiments. 

Arseniate  of  Baryta. — When  chloride  of  barium  is  added  to  a 
solution  of  arsenic  acid  in  ammonia,  the  latter  being  in  excess,  a 
copious  precipitate  of  trisarseniate  of  baryta  is  formed,  consisting 
of3BaO,As05.  According  to  Graham,  this  substance  attracts  a 
small  quantity  of  carbonic  acid  from  the  air.  Berzelius  says  it 
is  very  slightly  soluble  in  water,  somewhat  more  soluble  in  aqueous 
ammonia;  and  Laugier  informs  us  that  the  solubility  does  not 
seem  to  be  increased  by  the  presence  of  ammonia,  potash  or  soda 
salts.*     My  own  experiments  differ  considerably  from  the  above. 

The  arseniate  of  baryta  was  found  to  consist,  after  very  careful 
analysis,  of — 

Baryta     .     .     66-39 

Arsenic  Acid     33-32 


or,  3BaO,AsOg 


99-71 

Calculated. 
3BaO       .     .     66-65 
Arsenic  Acid     33-35 


100-00 

The  baryta  was  precipitated  from  the  solution  of  the  arseniate  in 
hydrochloric  acid,  by  sulphate  of  soda.  After  deoxidation  by 
sulphurous  acid,  the  arsenic  was  estimated  as  tersulphide — 

1000 grs.3BaO,As05  =  6-639 BaO  and3-55  AsS3  =  3-33  AsOj. 

10-00  grs.  arsenious  acid  were  converted  into  arsenic  acid,  and 
ammonia  added  in  excess.  The  addition  of  chloride  of  barium 
caused  a  precipitate,  which,  after  washing  with  weak  ammonia, 
until  no  chlorine  could  be  detected  in  the  filtrate,  gave  on  desicca- 
tion at  300°  Fahr.— 

34-52  grs.  3BaO,As05.  34-57  grs.  3BaO,As05.  Calculated. 

Arseniate  of  baryta  loses  all  its  water  at  a  temperature  a  little 
above    212°.     After    drying   in    a   water-bath    for    several  hours, 
18-90  grs.  only  lost  0*05  on  ignition.     After  drying  upon  a  sand- 
*  Gmelin's  Handbook,  vol.  iv,  304. 
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bath,  at  a  temperature  which  never  exceeded  300°,  in  a  platinum 
crucible,  no  loss  was  experienced  on  heating  to  redness. 

With  regard  to  the  solubility  of  this  salt,  the  following  experi- 
ments were  performed : 

10-00  grs.  SBaOjAsOg  digested  with  2000  grs.  cold  distilled  water 
for  forty- eight  hours,  lost  I'lO  gr.  The  filtrate  gave  0"9  gr.  sulphate 
of  baryta  on  addition  of  sulphate  of  baryta. 

10*00  id.  digested  with  2000  grs.  solution  of  chloride  of  ammonium 
(containing  100  grs,  of  the  dry  salt)  lost  3"852.  The  filtrate  gave 
3*41  sulphate  of  baryta. 

lO'OO  id.  digested  with  solution  of  ammonia  formed  by  adding 
200  grs.  ammonia,  sp.  gr.  "880,  to  1800  grs.  water,  lost  0'06. 

Sulphate  of  soda  hardly  produced  any  precipitate  of  sulphate  of 
baryta  in  the  filtrate. 

From  this  it  appears,  that,  although  very  soluble  in  chloride  of 
ammonium,  and  moderately  so  in  water,  arseniate  of  baryta  is  very 
insoluble  in  aqueous  ammonia.  And  even  (as  in  most  cases  in 
analysis)  when  chloride  of  ammonium  is  present,  the  addition  of 
excess  of  ammonia  prevents  in  a  great  measure  the  solubility  of 
the  baryta  salt.  And  it  may  be  mentioned  here,  that  ammonia 
determines  the  insolubility  both  of  the  magnesia  and  lime 
arseniates  in  the  same  manner,  precipitating  the  ammonio- 
arseniates  from  their  solution  in  chloride  of  ammonium.  Cliloride 
of  barium  can  be  advantageously  employed  for  the  detection  of 
small  quantities  of  arsenic  acid,  when  in  combination  with  copper 
and  other  metals. 

100*00  grs.  of  copper  free  from  sulphur  were  placed  in  a  flask, 
together  with  0*20  grs.  arsenious  acid.  After  solution  in  nitric 
acid,  and  addition  of  excess  of  ammonia,  sulphate  of  magnesia 
caused  a  precipitate,  which  settled  at  the  bottom  of  the  vessel  after 
12  hours.  On  filtering  the  small  precipitate,  arsenic  was  readily 
detected  by  the  usual  test. 

Minerals  containing  sulphur  arsenic  and  nickel,  can  be  very 
neatly  and  correctly  analysed  by  the  employment  of  a  baryta 
salt.  By  adding  chloride  of  barium  in  excess  to  the  acid 
solution,  sulphate  of  baryta  is  precipitated,  and  after  filtra- 
tion and  addition  of  a  large  excess  of  ammonia,  all  the  arsenic 
is  precipitated,  provided  sufficient  chloride  of  barium  has  been 
employed.  It  is  necessary  to  add  this  reagent  to  the  acid  solution, 
and  therefore  to  decompose  the  arseniate  of  nickel  in  hydro- 
chloric acid.     There  is  no  fear  of  any  nickel  remaining  with  the 
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arseniate  of  baryta^  wliich  is  a  dense  white  powder,  and  can  be 
thoroughly  and  expeditiously  washed.  For  this  purpose,  of  course 
a  weak  solution  of  ammonia  is  employed,  instead  of  pui'e  water. 

Arseniate  of  Lime  and  Ammonia. — When  diarseniate  of  am- 
monia, potash,  or  soda  is  added  to  a  solution  of  chloride  of  calcium, 
trisarseniate  of  lime  is  formed,  and  the  supernatant  liquid  becomes 
acid. 

When  chloride  of  ammonium,  trisarseniate  of  ammonia,  and 
lime-water  are  mixed  together,  crystals  of  arseniate  of  ammonia 
and  lime  2CaO,NH40,As05  are  found.*  I  have  met  with  two 
distinct  precipitates  during  the  course  of  my  experiments,  which 
possessed  the  following  characteristics  : 

lO'OO  grs.  arsenious  acid  were  converted  into  arsenic  acid, 
ammonia  added  in  very  slight  excess,  and  subsequently  solution  of 
chloride  of  calcium.  The  precipitate,  after  prolonged  washing  with 
water  and  dessication  at  300°,  weighed  15*50  grs.,  and  on  ignition 
lost  only  0*80  gr.,  yielding  14*70  of  a  compound  of  arsenic  acid 
and  lime.     A  large  quantity  of  arsenic  Avas  detected  in  the  filtrate. 

10*00  grs.  of  arsenious  acid  were  similarly  treated,  and  the  preci- 
pitate washed  with  weak  ammonia ;  after  drying  at  300°,  it  was 
found  to  weigh  18*24  grains,  and  17*02  on  ignition.  The  precipi- 
tates in  both  instances  seemed  to  consist  of  different  substances,  one 
of  a  very  slightly  crystalline  powder,  the  other  of  tolerably  large 
needles,  united  together  in  stellated  masses.  Although  in  the 
latter  experiment  the  10  grs.  of  arsenious  acid  yielded  17*02  of 
lime  salt,  and  by  calculation  it  should  yield  17*10  diarseniate  of 
lime  (2CaO,As05)  the  loss  by  ignition  was  so  small,  and  so  much 
less  than  it  would  have  been,  had  an  atom  of  ammonia  been 
expelled,  as  to  lead  me  to  doubt  very  much  if  the  precipitate  were 
the  arseniate  of  lime  and  ammonia,  notwithstanding  that  it  evolved 
much  ammonia  on  ebullition  Avith  potash. 

In  order  to  analyze  the  residue  left  upon  ignition,  advantage 
was  taken  of  the  fact,  that  arseniate  of  lime  is  perfectly  decom- 
posed by  a  boiling  solution  of  oxalate  of  ammonia. 

It  is  better,  however,  to  dissolve  the  arseniate  in  hydrochloric 
acid,  add  the  oxalate,  and  finally  excess  of  ammonia,  and  boil  for 
some  time.  The  whole  of  the  arseniate  is  fovind  in  the  filtrate,  and 
the  lime  in  the  precipitate  as  oxalate  of  lime. 

The   14*70  grains    boiled    in   this    manner   gave,    on   ignition, 
8*00    carbonate   of  lime=  5*48   lime,    and   the   17*02   grs.    gave 
*  Gmelin's  Handbook,  vol.  iv,  p.  304. 
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11  "56  CaO,C02  =  6*47  CaO.  Sulphate  of  magnesia  was  added  to  the 
filtrate^  and  after  standing  some  time,  the  ammonio-magnesian 
arseniate  collected,  and  the  arsenic  estimated. 


Composition  of  Diarseniate  of  Lime, 

2CaO,As05 

Calculated. 

Lime       .     .     4-82 

Arsenic  Acid    9*88 


Lime  Salt 
Found. 
Lime       .     .     5'48 
Arsenic  Acid  9*27 


14-70 


14-75 


Lime       .     .     5*57 
Arsenic  Acid  11 '45 


Lime       .     ,     647 
Arsenic  Acid  10-44 


1702 


16-91 


It  is  evident  from  the  above  analyses,  that  the  salt  under  con- 
sideration is  not  diarseniate  of  lime,  but  probably  a  mixture  of 
diarseniate  and  triarseniate,  the  former  produced  by  the  decom- 
position of  the  ammonia  compound,  thrown  down  from  the  original 
solution  ill  company  with  the  triarseniate.  The  loss  by  ignition, 
as  well  as  the  quantities  found  of  arsenic  acid  and  lime  leave  no 
doubt  that  this  is  the  case. 

3CaO,  As05  +  2CaO,NH40,As05,  upon  ignition  =  3CaO,As05  4- 
2CaO,  AsOg. 

And  the  relative  numbers  are  as  follows : 

Pound. 

As  396  :  370  ::   18-24  :  17*04        ..        1702 

„  396  :  370  ::  15-50  :   14-47       ..        14'70 

And  with  regard    to    the    qxiantities   of   lime   and    arsenic  acid : 
3CaO,  AsOg + 2CaO,  AsOg, 


Calculated. 
Lime     .     .     5-56 
Arsenic  Acid  9*14 


14-70 


Found. 
Lime     .     .     5-48 
Arsenic  Acid  9*27 

14-75 


Lime       .     .     6-44 
Arsenic  Acid  1058 


Lime       .     .     6-47 
Arsenic  Acid  10-44 


17-02 


16-91 
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It  is  not  at  all  surprising  that  when  ammonia  is  not  in  great 
excess^  that  trisarseniate  of  lime  should  be  formed^  as  even 
diarseniatc  of  ammonia  produces  this  compound.  It  is^  however, 
rather  singular,  that,  when  in  combination  with  the  diarseniate  of 
lime,  the  trisarseniate  does  not  lose  arsenic  acid  upon  ignition, 
which  it  does  when  heated  per  se.* 

The  arseniate  of  lime  and  ammonia  can  be  readily  -formed  by 
adding  ammonia  and  trisarseniate  of  ammonia  to  a  solution  of 
chloride  of  calcium.  The  precipitants  must  be  in  considerable 
excess.  This  salt  crystallises  from  weak  solutions  in  large  needle- 
shaped  crystals,  and  from  more  concentrated  solutions,  it  separates 
as  a  white  crystalline  mass.  Like  the  baryta  compound,  it  is  more 
soluble  in  water  than  in  aqueous  ammonia,  and  soluble  to  a  great 
extent  in  chloride  of  ammonium.  It  retains  an  atom  of  water  at 
212°,  and  consists  at  that  temperature  of 

2CaO,  NH4O,  AsOj  +  HO. 

10-00  grs.  in  2000-00    grs.  water,  lost  0-40  grs. 
10-00  grs.     „  „      grs.  weak  ammonia,  lost  0-02  grs. 

10-00  grs.     „  „       grs.  chloride  of  ammonium,  contain- 

ing 100  grs.  dry  salt,  lost  8-300.t 

This  salt  loses  its  atom  of  water  at  a  temperature  a  little  beyond 
212°. 

Dried  at  280°. 

18-25         on  ignition  gave 

11-90 

13-20 

The  residues  Avere  analysed  separately,  and  found  to  consist  of 
2CaO,  AsOg,  as  the  following  numbers  will  show : — 

Calculated.  Found. 

Lime        .     .     5-18  5-01 

Arsenic  Acid  10-62  10-49 


Found. 

Calculated. 

15-80 

15-83 

10-25 

10-32 

11-48 

11-45 

15-80  15-50 

*  The  cold  solution  of  this  salt  in  chloride  of  ammonium,  evolves  ammonia 
copiously  on  ebullition,  with  formation  of  diarseniate  of  lime,  which  still  remains 
dissolved  in  the  liquid.  According  to  Wach,  diarseniate  of  lime  when  in  solution  of 
ammoniacal  salts,  becomes  converted  into  arseniate  of  lime  and  ammonia,  but  this  is 
decomposed  on  boilinij  with  a  re-formation  of  diarseniate  of  lime. 

t  The  trisarseniate  of  lime  is  decomposed  when  ignited  alone  (Simon),  Gmelin's 
Handbook,  vol.  iv,  p.  304. 
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Calculated. 
Lime       .     .     3  41 
Arsenic  Acid    6*84 

Found. 

3-38 
6-75 

10-25 

Lime       .     .     3-76 
Arsenic  Acid    7-72 

10-13 

3-64 
7-69 

11-48  11-33 

Arseniate  of  Magnesia  and  Ammonia. — This  salt  is  thrown  down 
in  great  purity,  when  arseniate  of  ammonia  and  excess  of  ammonia 
are  added  to  a  soluble  salt  of  magnesia. 

In  applying  this  salt  to  the  estimation  of  arsenic,  Levol  recom- 
mends its  ignition,  and  the  determination  of  the  arsenic  as  pyro- 
arseniate  of  magnesia  (2MgO,As05).  But  Rose  has  shown  that 
a  portion  of  arsenic  acid  is  reduced,  at  a  high  temperature  by 
ammonia,  and  volatilised,  so  that  a  loss  in  weight  due  to  that 
reaction,  is  sustained  in  proportion  to  the  necessary  duration  of 
the  ignition.  It  is  stated  by  the  latter  chemist  that  the  weight  of 
the  double  salt  may  be  determined  either  by  its  desiccation  in 
vacuo,  in  which  case  its  composition  is  represented  by  the  formula 
2MgO,  NH^O,  ASO5  +  I2HO,  or  at  212°  F.,  when  it  consists  of— 

2MgO,  NH4O,  AsOg  +  HO. 

Like  the  corresponding  lime  salt,  it  loses  its  water  at  a  slight 
increase  of  temperature ;  at  180°  F.  it  retains  three  atoms  of 
water,  and  it  looses  its  ammonia  between  500°  and  600°. 

Its  formula  may  be  expressed  at  various  temperatures,  as 
follows  : — 

When  dried  in  vacuo,  2MgO,NH^O,As05  +  12HO. 
From  180°  to  200°     2MgO,NH^O,As05  +  3HO. 
At        212       ..  2MgO,NH^O,As05  +  HO. 

At        300       ..  2MgO,NH40,As05. 

At        600       ..  2MgO,As05. 

In  the  estimation  of  arsenic  from  this  compound,  it  is  therefore 
very  necessary  to  be  extremely  cautious  in  its  desiccation.  Speci- 
mens dried  iipon  a  filter  placed  above  a  sand-bath,  with  a  thermo- 
meter suspended  at  the  same  distance  from  the  heated  surface  (the 
mercury  never  rising  above  300°),  were  found  to  have  lost  the 
whole  of  their  water  in  from  four  to  five  hours. 
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The  followiug  experiments  were  tried  regarding  the  sohibility  of 
this  double  salt : — 

lO'OO  grs.  digested  with  2000  grs.  water,        lost    0-28  grs. 
10-00  „  '„  „        ammonia     „      0*14  grs. 

10-00  „  „  „        NH^Cl       „      1-90  grs. 

Ammonia   precipitates  the  salt  from  its  solution  in  chloride  of 
ammonium. 

The  following  diagram  will  give,  in  a  tabular  form,  the  solu- 
bility of  the  arseniates  of  lime  and  ammonia,  magnesia  and  am- 
monia, and  arseniate  of  baryta,  in  water^  ammonia,  and  chloride  of 
ammonium. 


10  grs. 
2MgO,NH,0,As05,HO. 

10  grs. 
2CaO,NH^O,As05,HO. 

10  grs. 
SBaO^AsOj. 

Water    

2000         ..          0-28 

2000       ..         0-40 

2000  ..    1-10 

Ammonia... 

2000         ..          0-14 

2000       ..         0-02 

2000  ..    0-06 

Chloride  of 
Ammonium 

2000         ..          1-90 

2000       ..         8  30 

2000  ..    3-85 

From  the  foregoing  experiments,  the  relative  advantages  and 
disadvantages  in  the  employment  of  the  salts  of  the  alkaline  earths 
may  be  estimated,  and — 

1.  The  precipitation  of  arsenic  acid  by  a  soluble  salt  of  lime. 
This  is  disadvantageous  when  sulphuric  acid  is  present  in  the 

liquid.  Sulphate  of  lime  would  be  precipitated,  and  require  long 
and  protracted  washing  for  its  entire  separation.  Neither  could 
the  arseniates  be  freed  from  the  sulphate  by  dilute  hydrochloric 
acid,  as  the  latter  is  especially  soluble  in  that  menstruum.  Another 
objection  is,  the  uncertainty  of  the  compound  precipitated,  which 
would  render  its  analysis  indispensable  when  the  quantity  of 
arsenic,  as  well  as  its  abstraction  from  other  bodies,  is  desired.  On 
the  other  hand,  its  great  insolubility  in  ammonia,  renders  the 
employment  of  a  lime-salt,  in  certain  circumstances,  very  advan- 
tageous. 

2.  The  employment  of  a  soluble  baryta  salt.  The  objection 
regarding  the  sulphuric  acid,  cannot  be  urged,  as  in  the  case  of 
the  lime-salt.  Sulphate  of  baryta  is  easily  separated  from  its 
arseniate,  and  indeed  the   whole  of  the  sulphuric  acid  could  be 
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removed  by  chloride  of  barium,  previously  to  the  introduction  of 
the  ammonia.  When  chloride  of  ammonium  does  not  exist  in  any 
very  great  quantity  in  the  solution,  the  employment  of  baryta 
may  be  resorted  to  advantageously. 

3.  By  a  magnesia  salt.  Magnesia  possesses  many  advantages  over 
lime  and  baryta,  which  can  be  easily  appreciated  in  practice.  The 
ammonia-magnesian  arseniate,  after  standing  some  hours,  settles 
down  in  a  heavy  crystalline  mass,  so  hard  and  dense,  that  the 
supernatant  liquid  may  be  frequently  decanted  off,  and  the  crystals 
drained,  thus  rendering  the  subsequent  Avashing  very  expeditious 
and  easy.  There  is  no  fear  of  sulphuric  acid  being  in  the  precipi- 
tate, which  possesses  the  advantage  of  being  very  definite  in  com- 
position, and  insoluble  in  weak  ammonia.  From  my  own  experi- 
ence I  should  recommend  magnesia  above  baryta  and  lime,  if  it 
were  only  for  the  greater  facility  of  its  management  in  chemical 
analysis. 

The  following  estimations  were  invariably  made  with  a  magnesian 
salt  :— 

1000  gi*.  arsenious  acid  converted  into  arsenic  acid,  and  preci- 
pitated  with   a  magnesian  salt,  gave   18*87  2MgO,NH40, 
AsOg+HO.     Calculation  19-19. 
10-00  gT.  gave  18*94. 
10-00  gr.  AsOg,  and  1  gr.  copper  dissolved  in  nitric  acid,   gave 

1914  2MgO,  NH^O,As05  +  HO  =  9-97As03. 
1-00 gr.  ASO3  + 10-00  gr.  Cu,  gave  1-90  2MgO,NH^O,  AsO^  +  IIO; 
and  when  0-19  gr.  AsO3  =  0-076  arsenic  was  boiled  with  NO5,  and 
100*00  of  copper,  a  crystalline  deposit  of  the  ammonia-magnesian 
arseniate  was  observed  on  the  sides  of  the  flasks,  after  standing  for 
24  hours.  On  drawing  off  the  copper  and  washing  the  crystals 
with  weak  ammonia,  they  were  dissolved  in  HCl,  and  a  clear  yellow 
pentasulphide  of  arsenic  obtained,  on  addition  of  a  few  drops  of 
sulphide  of  ammonium,  and  afterwards,  excess  of  hydrochloric 
acid. 

It  has  been  before  observed  that  nickel  can  be  easily  and  per- 
fectly separated  from  arsenic  by  the  introduction  of  a  magnesian 
salt.  In  the  following  experiments,  with  a  given  weight  of  ore  (?), 
the  arsenic  was  not  estimated,  as  the  ore  contained  iron  which  was 
precipitated  with  the  ammonio-magnesian  arseniates. 

The  filtrate  was  precipitated  by  sulphide  of  ammonium,  the 
sulphide  dissolved,  and  the  nickel  thrown  down  as  oxide  by 
potash , 
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The    first    experiment    gave       . .      6*127  oxide  of  nickel, 
second       „  „  6"00  „ 

third  „  „  5*95  „ 

The  Separation  of  Arsenic  from  Antimony  by  means  of  a  soluble 
magnesian  salt  in  the  presence  of  ammonia,  is  very  strongly 
recommended  by  Rose;  and  my  own  experiments  fully  confirm 
the  statements  of  that  chemist.  The  method  described  in  detail 
in  his  Handbook  succeeds  perfectly ;  I  may  state,  however,  that 
as  the  tartaric  acid,  added  to  the  solution  of  the  oxidised  metals  for 
the  purpose  of  retaining  the  antimony  in  solution,  is  sometimes 
liable  to  occasion  the  separation,  Avith  the  arseniate,  of  a  small 
quantity  of  tartrate  of  magnesia  and  ammonia,  I  have  found  it 
advisable  to  substitute  sulphate  of  ammonia  for  the  chloride  of 
ammonium  added  previous  to  the  ammonia.  The  double  tartrate 
is  very  readily  soluble,  and  the  double  arseniate  particularly  in- 
soluble in  the  sulphate  of  ammonia. 

The  following  analyses  will  show  the  correctness  of  the 
method  : — 

Taken,  Found. 

Arsenious Acid  5-00       2MgO,NH40,As05  +  HO  9-54 = 4-97  AsOg. 
Antimony    .     5*00 

ArseniousAcid  5*00  „  „  9'53=4-95  ASO3. 

Antimony    .     5*00 

The  antimony  was  not  determined  in  the  above  analyses;  in  those 
below,  the  arsenic  was  estimated  as  before,  sulphide  of  ammonium 
added  in  excess  to  the  filtrate,  until  the  sulphide  of  antimony  was 
completely  re-dissohed.  It  was  afterwards  precipitated  by  hydro- 
chloric acid.  The  precipitate  was  dried  at  213°,  weighed,  and  a 
portion  examined  quantitatively  for  sulphur,  the  weight  of  which 
was  deducted,  and  the  quantity  calculated  from  the  whole  precipitate. 

Taken.  Found. 

Arsenious  Acid     .     10-00  =  Arsenic  7*57  . .  7'39 

Antimony    ...  =  6-80  ..  7-04 


14-37 

14-43 

Arsenious  Acid 

13-40  =  Arsenic  9-39 

9-13 

Antimony    .     . 

=               13-40 

13-33 

31-79  31-35 
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Taken.  Found. 

Arsenious  Acid  100     .     =    Arsenic   0*75  . .  0*68 

Antimony       .     .     .     .      =  1000  ..  9-89 


10-75  10-57 

Arsenious  Acid  10-00  .     =    Arsenic    7*57  . .  7-42 

Antimony       .     .     .     .     =  1-00  . .  0*98 


8-57  .  .  8-40 

Arsenious  Acid  0-lo1  ^^^^   ^   crystalline  precipitate  of 
iutimony  5-00^    2MgO  NH,0  AsO,  +  HO  on  the 

*'  J     sides  01  the  glass. 

Arsenious  Acid  5-00"!  filtrate  gave  an  orange-red  preci- 
Antimony      .     O'lOj       pitate  of  sulphide  of  antimony. 

Arsenic  cannot  be  separated  from  tin  by  means  of  magnesia. 
Ammonia  produces  no  precipitate  in  the  solution  of  the  bichloride 
of  tin  when  tartaric  acid  is  present^  but  a  precipitate  is  produced 
by  the  introduction  of  magnesian  salts^  which  appears  to  contain 
both  tin  and  magnesia,  but  which,  so  far  as  I  know,  has  not  been 
examined.  Hopes  may  be  entertained  that  antimony  may  be 
separated  from  tin  by  taking  advantage  of  this  fact. 

The  subject  is  now  under  consideration,  and  promises  satisfac- 
tory results,  though  rather  difficult  and  laborious. 


III. —  On   the   existence    of  a    Second   Cry stall'iz able  Fluorescent 
Substance  fPaviin)  in  the  Bark  of  the  Horse-Chestnut. 

By  G.  G.  Stokes,  M  A.,  Sec.  R.  S.,  &c. 

On  examining,  a  good  while  ago,  infusions  of  the  barks  of 
various  species  of  ^Esculus,  and  the  closely  allied  genus  Pavia,  I 
found  that  the  remarkably  strong  fluorescence  shown  by  the  horse- 
chestnut  ran  through  the  whole  family.  The  tint  of  the  fluores- 
cent light  was,  however,  different  in  different  cases,  being  as  a 
general  rule  blue  throughout  the  genus  ^sculus,  and  a  blue-green 
throughout  Pavia.  This  alone  rendered  it  evident,  either  that  there 
were  at  least  two  fluorescent  substances  present,  one  in  one  bark 
and  another  in  another,  or,  which  appeared  more  probable,  that 

VOL.    XI.  C 
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there  \yere  two  (or  possibly  more)  fluorescent  substances  present 
in  different  proportions  in  diff'erent  barks. 

On  examining,  under  a  deep  violet  glass,  a  freshly  cut  section 
of  a  young  shoot,  of  at  least  two  years'  growth,  of  these  various 
trees,  the  sap  which  oozed  out  from  diff'erent  parts  of  the  bark  or 
pith  was  found  to  emit  a  difi^erently  coloured  fluorescent  light. 
Hence,  even  the  same  bark  must  have  contained  more  than  one 
fluorescent  substance ;  and  as  the  existence  of  two  Avould  account 
for  the  fluorescent  tints  of  the  whole  family,  a  family  so  closely 
allied  botanically,  the  second  of  the  suppositions  mentioned  above 
appeared  by  far  the  more  probable. 

I  happened  to  put  some  small  pieces  of  horse-chestnut  bark 
with  a  little  ether  into  a  bottle,  which  was  laid  aside,  imperfectly 
corked.  On  examining  the  bottle  after  some  time,  the  ether  was 
found  to  have  evaporated,  and  had  left  behind  a  substance  crystal- 
lized in  delicate  radiating  crystals.  This  substance,  which  I  will 
call  paviin,  when  dissolved  in  water,  yields,  like  aesculin,  a  highly 
fluorescent  solution,  and  the  fluorescence  is  in  both  cases  destroyed 
(comparatively  speaking)  by  acids,  and  restored  by  alkalies.  The 
tint,  however,  of  the  fluorescent  light  is  decidedly  different  from 
that  given  by  pure  tesculin,  for  a  specimen  of  which  I  am  indebted 
to  the  kindness  of  the  Prince  of  Salm-Horstmar,  being  a  blue- 
green  in  place  of  a  sky-blue.  The  fluorescent  tint  of  an  infusion 
of  horse-chestnut  bark  is  intermediate  between  the  two,  but  much 
nearer  to  aesculin  than  to  paviin. 

In  all  probability,  the  fluorescence  of  the  infusions  of  barks  from 
the  closely  allied  genera  ^Esculus  and  Pavia,  is  due  to  aesculin  and 
paviin  present  in  diff'erent  proportions,  aesculin  pi'edominating 
generally  in  the  genus  ^sculus,  and  paviin  in  Pavia. 

-ZEsculin  and  paviin  ai'e  extremely  similar  in  their  properties,  so 
far  as  they  have  yet  been  observed.  They  are  most  easily  distin- 
guished by  the  diff'erent  colour  of  the  fluorescent  light  of  their 
solutions,  a  character  which  is  especially  trustworthy,  as  it  does 
not  ?  equire  for  its  observation  that  the  solutions  should  be  pure. 
Paviin,  as  appears  from  the  way  in  which  it  was  first  obtained, 
must  be  much  more  soluble  than  aesculin  in  ether,  ^sculin  is 
indeed  described  aa  insoluble  in  ether,  but  it  is  sufficiently  soluble 
to  render  the  ether  fluorescent.  Paviin,  like  aesculin,  is  withdrawn 
from  its  ethereal  solution  by  agitation  with  water.  Though  of 
feeble  affinities,  it  is  rather  more  disposed  than  aesculin  to  combine 
with   oxide  of  lead.     If  a  decoction  of  horse-chestnut   bark   be 
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purified  by  adding  a  sufficient  quantity  of  a  salt  of  peroxide  of  iron 
or  of  alumina,  precipitating  by  ammonia,  and  filtering,  and  the 
ammoniacal  filtrate  be  partially  precipitated  by  very  dilute  acetate 
of  lead,  the  whole  redissolved  by  acetic  acid,  reprecipitated  by 
ammonia,  and  filtered,  the  fluorescent  tint  of  the  filtrate  will  be 
found  to  be  a  deeper  blue  than  that  of  the  original  solution ;  while, 
if  the  fluorescent  substances  combined  with  oxide  of  lead  (the 
compound  itself  is  not  fluorescent)  be  again  obtained  in  alkaline 
solution,  the  tint,  as  compared  with  the  original,  will  be  found  to 
verge  towards  green.  The  required  solution  is  most  easily 
obtained  fi-om  the  lead-compounds  by  means  of  an  alkaline 
bicarbonate,  which  plays  the  double  part  of  an  acid  and  an 
alkali,  yielding  carbonic  acid  to  the  oxide  of  lead,  and  ensuring 
the  alkalinity  of  the  filtrate  from  carbonate  of  lead.  It  is  very 
easy  in  this  way,  by  repeating  the  process,  if  necessary,  on  the 
filtrate  from  the  first  precipitate,  to  obtain  a  solution  which  will 
serve  as  a  standard  for  the  fluorescent  tint  of  pure  asculin.  A 
solution,  serving  nearly  enough  as  a  standard  of  comparison  in  this 
respect  for  pure  pa\nin,  may  be  had  by  making  a  decoction  of  a 
little  ash  bark,  adding  a  considerable  quantity  of  a  salt  of  alumina, 
precipitating  by  ammonia,  and  filtering.  By  partial  precipitation 
in  the  manner  explained,  it  is  very  easy  to  prove  a  mixtui'e  of 
sesculin  and  paviin  to  be  a  mixture,  even  when  operating  on 
extremely  small  quantities. 

It  must  be  carefully  borne  in  mind,  that  the  characteristic  fluor- 
escent tint  of  a  solution  is  that  of  the  fluorescent  light  coming 
from  the  solution  directly  to  the  eye.  Even  should  a  solution  of 
the  pure  substance  be  nearly  colourless  by  transmitted  light, 
though  strong  enough  to  develope  the  fluorescence  to  perfection, 
if  the  solution  be  impure  it  is  lialfle  to  be  coloured,  most  com- 
monly yellow  of  some  kind,  which  would  make  a  blue  seen  through 
it  appear  green.  To  depend  upon  the  fluorescent  tint,  as  seen 
through  and  modified  by  a  coloured  solution,  would  be  like 
depending  on  the  analysis,  not  of  the  substance  to  be  investigated, 
but  of  a  mixture  containing  it.  Yet  in  solutions  obtained  from  the 
horse-chestnut,  and  in  similar  cases,  the  true  fluorescent  tint  can 
be  observed  very  well,  in  spite  of  considerable  colour  in  the 
solution. 

The  best  method  of  observing  the  true  fluorescent  tint  is  to 
dilute  the  fluid  greatly,  and  to  pass  into  it  a  beam  of  sunlight, 
condensed  by  a  lens  fixed  in  a  board,  in  such  a  manner  that  as 

c  2 
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small  a  thickness  of  the  fluid  as  may  be  shall  intervene  between 
the  fluorescent  beam  and  the  eye.  If  a  stratum  of  this  thickness 
of  the  dilute  solution  be  sensibly  colourless,  the  tint  of  the  fluor- 
escent light  will  not  be  sensibly  modified  by  subsequent  absorp- 
tion. This,  however,  requires  sunlight,  which  is  not  always  to  be 
had.  Another  excellent  method,  requiring  only  daylight,  and 
capable  of  practically  superseding  the  former  in  the  examination 
of  horse-chestnut  bark,  is  the  following,  in  using  which  it  is  best 
that  the  solutions  should  be  pretty  strong,  or  at  least  not  extremely 
dilute. 

A  glass  vessel  with  water  is  placed  at  a  window,  the  vessel  being 
blackened  internally  at  the  bottom  by  sinking  a  piece  of  black 
cloth  or  velvet  in  the  water,  or  otherwise.  The  solutions  to  be 
compared  as  to  their  fluorescent  tint  are  placed  in  two  test  tubes, 
which  are  held  nearly  vertically  in  the  water,  their  tops  slightly 
inclining  from  the  window,  and  the  observer  regards  the  fluores- 
cent light  fi'om  above,  looking  outside  the  test  tubes.  Since  by 
far  the  greater  part  of  the  fluorescent  light  comes  from  a  very  thin 
stratum  of  fluid  next  the  surface  by  which  the  light  enters,  the 
fluorescent  i-ays  have  mostly  to  traverse  only  a  very  small  thickness 
of  the  coloured  fluid  before  reaching  the  eye ;  the  water  permits 
the  escape  of  those  fluorescent  rays  which  would  otherwise  be 
internally  reflected  at  the  external  surface  of  the  test  tubes ;  and 
the  intensity  of  the  light  of  which  the  tint  is  to  be  observed  is 
increased  by  foreshortening.  The  observer  would  do  well  to 
practice  with  a  fluorescent  fluid  purposely  made  yellow  by  intro- 
ducing some  non-fluorescent  indiflerent  substance ;  thus,  a  portion 
of  the  standard  solution  of  sesculin  mentioned  above  may  be  ren- 
dered yellow  by  fcrrid-cyanide  of  potassium.  The  more  com- 
pletely the  fluorescent  tints  of  the  yellow  and  the  nearly  colourless 
solution  agree,  the  more  nearly  perfect  is  the  method  of  observa- 
tion. If  ferro-cyanide  of  potassium  be  used  in  the  experiment 
suggested,  instead  of  ferridcyanide,  the  most  marked  eftect  is  a 
diminution  in  the  intensity  of  the  fluorescent  light,  the  cause  of 
which  is  that  the  absorption  by  this  salt  takes  places  more  upon  the 
active,  or  fluorogenic,  than  upon  the  fluorescent  rays.  Since  sub- 
stances of  a  similar  character  may  be  present  in  an  impure  solution, 
the  observer  must  not  always  infer  poverty  with  regard  to  fluor- 
escent substances  from  a  want  of  brilliancy  in  the  fluorescent  light. 

The  existence  of  paviin  may  perhaps  account  for  the  discrepan- 
cies between  the  analyses  of  ajsculin  given  by  diff"erent  chemists. 
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I  should  mention,  however,  that  I  have  met  with  three  specimens 
of  assculin,  and  they  all  appeared  to  be  free  from  paviin.  The 
reason  why  asculin  was  obtained  pni'e  from  a  decoction  containing 
paviin  also,  is  probably  that  the  former  greatly  preponderates  over 
the  latter  in  the  bark  of  the  horse-chestnut.  A  decoction  of  this 
bark  yielded  to  me  a  copious  crop  of  crystals  of  ajsculin,  while  the 
paviin,  together  with  a  quantity  of  sesculin  still  apparently  in 
excess,  remained  in  the  mother  liquor.  I  may,  perhaps,  on  some 
future  occasion  communicate  to  the  Society  the  method  employed, 
when  I  have  leisure  to  examine  it  further ;  I  will  merely  state  for 
the  present  that  it  enabled  me  to  obtain  crystallized  sesculin  in  a 
few  hours,  without  employing  any  other  solvent  than  water.  In 
the  method  commonly  employed,  the  first  crystallization  of  sesculiu 
is  described  as  requiring  some  fourteen  days. 

On  account  of  the  small  quantity,  apparently,  of  paviin,  as  com- 
pared with  aesculin,  present  in  the  bark  of  the  horse-chestnut,  a 
chemist  who  wished  to  obtain  the  substance  for  analysis  would 
probably  do  well  to  examine  a  bark  from  the  genus  Pavia,  if  such 
could  be  procured.  The  richness  of  the  bark  in  paviin,  as  compared 
with  sesculin,  may  be  judged  of  by  boiling  a  small  portion  with 
water  in  a  test  tube ;  those  barks  in  which  the  substance  presumed 
to  be  paviin  abounds  yield  a  decoction  having  almost  exactly  the 
same  fluorescent  tint  as  that  of  a  decoction  of  ash  bark. 

A  crystallizable  substance,  giving  a  highly  fluorescent  solution, 
has  been  discovered  in  the  bark  of  the  ash,  by  the  Pi'ince  of  Salm- 
Horstmar,*  who  has  favoured  me  with  a  specimen.  This  sub- 
stance, which  has  been  named  fraxin  by  its  discoverer,  is  so 
similar  in  its  optical  characters  to  paviin  that  the  two  can  hardly, 
if  at  all,  be  distinguished  thereby ;  but  as  fraxin  is  stated  to  be 
insoluble  in  ether,  it  can  hardly  be  identical  with  paviin,  which 
was  left  in  a  crystallized  state  by  that  solvent.  I  find,  however, 
that  fraxin  is  sufficiently  soluble  in  ether  to  render  the  fluid  fluor- 
escent, so  that  after  all  it  is  only  a  question  of  degree,  which, 
cannot  be  satisfactorily  settled  till  paviin  shall  have  been  prepared 
in  greater  quantity. 

•  Poggendorffs  Annalen,  vol.  100  (1857),  p.  607. 
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IV. — On  the  Action  of  Bi'omine  on  Acetic  Acid. 

By  W.  H.  Perkin,  F.C.S.,  and  B.  F.   Duppa,  Esq. 

Since  the  publication  of  the  notice  which  appeared  in  the 
"Philosophical  Magazine"  last  September,  we  have  studied  some 
of  the  reactions  of  bromacetic  acid  on  various  substances,  and 
have  also  succeeded  in  obtaining  bibromacetic  acid.  We  shall 
first  describe  the  method  pursued  in  making  these  interesting 
substances. 

Bromacetic  Acid. 

The  best  method  of  preparing  this  substance  is  to  take  a  mix- 
ture of  crystallizable  acetic  acid  and  bromine,  in  the  proportion  of 
one  equivalent  of  bromine  to  one  of  acid,  the  object  of  the  excess  of 
acetic  acid  being  to  absorb  the  hydrobromic  acid  gas,  so  as  to  relieve 
the  tube  of  pressure,  and  introduce  it  into  a  strong  sealed  tube, 
which  is  then  placed  in  an  oil  bath,  and  heated  up  to  150°  C.  As 
soon  as  this  temperature  has  been  reached,  the  bath  may  be  allowed 
to  cool  down  gradually;  the  cooling  may  occupy  two  hours  or  more. 
The  mixture  is  then  generally  nearly  colourless,  or  of  a  light 
amber-brown.  The  decolorization  takes  place  very  suddenly  at 
about  146°  C,  at  which  moment  the  tubes  are  apt  to  burst,  though 
the  bath  may  have  been  as  high  as  155°  C.  The  tube,  when  quite 
cold,  is  opened,  from  which  torrents  of  hydrobromic  acid  gas  issue ; 
the  contents  are  then  transferred  to  a  retort,  and  a  receiver  being 
attached,  together  with  proper  apparatus  for  the  condensation  of 
the  hydrobromic  acid  liberated,  heat  is  applied,  and  the  tempera- 
ture raised  until  it  reaches  200°  C*  The  retort  is  then  left  to  cool, 
when  after  a  time,  the  whole  of  the  liquid  contents  become  solid 
and  beautifully  crystalline.  This  is  a  mixture  of  hydrobromic, 
bromacetic,  and  bibromacetic  acids.  These  mixed  acids  are  then 
heated  to  130°  C,  and  carbonic  acid  passed  until  the  reaction  of 
hydrobromic  acid  with  nitrate  of  silver  is  no  longer  evident. 
Carbonate  of  lead  in  excess  is  then  added,  together  with  about  ten 
times  as  much  water  in  bulk  as  there  is  acid ;  the  whole  heated  to 
100°  C,  and  allowed  to  stand  for  some  hours ;  the  liquid 
filtered  off  from  the  crystalline   deposit  which  has  formed ;  the 

•  As  a  quantity  of  bromacetic  acid  is  carried  over  long  before  200°  C.  is  reached, 
it  is  as  well  to  re-distil  the  distillate.  As  an  additional  quantity  of  solid  acid  is  thus 
procured,  the  liquid  may  again  be  used  with  bromine  for  the  production  of  more 
acid. 
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crystals  washed  with  a  little  cold  water,  and  diffused  in  water ;  and 
sulphuretted  hydrogen  passed  to  saturation.  The  liquid  filtered 
off  and  concentrated,  yields  the  crystalline  acid  in  a  state  of 
purity.  The  object  of  the  last  process  is  to  separate  the  bromacetic 
acid  from  the  bibromacetic  acid,  the  lead  salt  of  the  latter  being 
much  more  soluble  than  that  of  the  former. 

The  acid  thus  obtained  crystallizes  in  rhombohedra ;  it  is  exceed- 
ingly deliquescent,  and  very  soluble  in  water  or  alcohol.  It  fuses 
below  100°  C,  and  boils  at  208°  C.  When  distilled  with  acetate  of 
potassium,  it  gives  off  acetic  acid ;  when  heated  with  metallic  zinc, 
it  yields  acetate  and  bromide  of  zinc. 

It  undergoes  a  singular  change  when  exposed  to  a  high  tempera- 
ture in  a  sealed  tube,  carbonic  oxide,  bibromacetic  acid,  and  appa- 
rently a  little  hydride  of  methyl  being  formed ;  it  is  possible  that 
the  following  reaction  may  take  place : 

^^'^(Br)^'  "  ^'Cr  X  +  ^^2^2  "^  ^2H4  +  H13r  +  H,0,. 

Bromacetic  acid.     Bibromacetic  acid. 

It  attacks  the  epidermis  powerfully,  raising  a  blister  like  that 
produced  by  a  burn ;  the  effect  when  the  acid  is  diluted,  takes 
place  after  eight  or  ten  hours. 

Bromacetic  acid  forms  crystallizable  salts  with  most  of  the 
bases,  many  of  which  decompose  rapidly ;  few  of  these  have  been 
examined  quantitatively. 

Bromacetate  of  Ammonium  is  a  nearly  uncrystallizable  salt,  very 
soluble  in  water ;  when  heated  it  decomposes,  yielding  bromide  of 
ammonium. 

Bromacetate  of  Potassium.  This  salt  is  obtained  by  neutralizing 
a  solution  of  carbonate  or  hydrate  of  potassium  with  bromacetic 
acid,  and  evaporating  the  solution  in  a  water  bath.  It  is  a  crys- 
talline salt  very  soluble  in  water  and  alcohol. 

Bromacetate  of  Sodium  is  a  very  soluble  salt,  insoluble,  or  nearly 
so,  in  alcohol. 

Bromacetate  of  Barium  crystallizes  with  difficulty  in  small  stars, 
and  contains  water  of  crystallization ;  it  is  tolerably  soluble  in 
alcohol. 

Bromacetate  of  Calcium  is  a  very  difficultly  crystallizable  salt, 
and  very  soluble  in  water. 

Bromacetate  of  Copper  is  a  green  crystalline  salt,  very  soluble  in 
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water.  A  solution  of  it  appears  to  decompose  when  boiled,  as  the 
colour  becomes  paler.  The  solution  after  stauding  for  some 
daySj  deposits  needle-shaped  crystals  and  small  malachite-green 
tufts  of  great  beauty.  They  appear  to  contain  a  large  quantity  of 
water  of  crystallization. 

Bromacetate  of  Lead. — This  salt  is  obtained,  either  by  neutra- 
lizing bromacetic  acid  with  oxide  of  lead,  and  recrystallizing  the 
product  in  water,  or  by  adding  a  solution  of  bromacetic  acid  to  a 
solution  of  acetate  of  lead,  washing  the  resulting  crystalline  pre- 
cipitate with  cold  water,  and  then  recrystallizing  from  water. 

A  specimen  dried  at  100°  C,  when  burnt  with  chromate  of  lead, 
gave  the  following  numbers  : 

•9880  of  Bromacetate  of  Lead  gave 
•3717  of  Carbonic  Acid  and 
-0830  of  Water. 

A  determination  of  lead  and  bromine  gave  the  following 
numbers  : 

•674  of  Bromacetate  of  Lead  gave 
•3106  of  Oxide  of  Lead,  and 
•5244  of  Bromide  of  Silver. 

These  numbers  lead  to  the  following  percentage  composition : 


Carbon 
Hydrogen  . . 
Bromine     . . 
Lead 

•  • 

10-25 
0-92 
33-10 
42-774 

The  formula 

PbcYH?^ 

0. 

requires  the  following  numbers : 

Theory.  Exp. 

*  — " —  >■ 

4  equiv.  of  Carbon      =   24-00 

2  equiv.  of  Hydrogen  =     2-00 

1  equiv.  of  Bromine    =    7997 

1  equiv.  of  Lead  =103-57 

4  equiv.  of  Oxygen     =   3200 


9-930 

10-25 

0-820 

•92 

33-117 

33-10 

42-878 

42-774 

13-255 

241-54     100000 
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Bromacetate  of  lead  crystallizes  in  needles,  is  difficultly  soluble 
in  cold,  but  moderately  so  in  hot  water. 

Bromacetate  of  Silver  is  obtained  by  treating  bromacetic  acid 
with  carbonate  of  silver,  or  by  adding  a  solution  of  bromacetic  acid 
to  a  solution  of  nitrate  of  silver.  In  the  latter  case  it  is  thrown 
down  as  a  beautiful  crystalline  precipitate,  which  is  washed  with 
cold  water,  and  dried  over  sidphuric  acid  in  vacuo.  A  determina- 
tion of  the  silver  gave  the  subjoined  number : 

•6500  of  Bromacetate  of  Silver  gave 
•4935  of  Bromide  of  Silver,  or 
4361 7  per  cent,  of  Silver. 

The  formula 

Ag.  C,(H?)0. 

requires  43*9  per  cent,  of  silver. 

This  salt  is  very  unstable,  decomposing  by  ebullition,  bromide 
of  silver  and  an  acid  which  we  shall  refer  to  hereafter,  being 
formed.  The  dry  salt,  if  heated  to  about  90°  C,  decomposes  with 
a  sort  of  an  explosion.  It  is  rapidly  acted  upon  by  light  when 
moist. 

Bromacetate  of  Methyl. — This  substance  is  obtained  by  heating 
a  mixture  of  hydrate  of  methyl  and  bromacetic  acid  in  a  sealed 
tube  for  an  hour,  to  a  temperature  of  100°  C,  washing  the  product 
with  water,  drying  over  chloride  of  calcium,  and  rectifying. 

Bromacetate  of  methyl  is  a  clear  colourless  mobile  liquid,  having 
an  aromatic  odour  highly  irritating  both  to  the  nose  and  the  eyes. 
It  is  heavier  than  water;  it  boils  at  about  144° C,  decomposing 
gradually  every  time  it  is  distilled.  Ammonia  acts  on  it  very 
readily. 

Bromacetate  of  Ethyl  is  obtained  in  the  same  way  as  the  pre- 
ceding, substituting  hydrate  of  ethyl  for  that  of  methyl.  It  is  a 
clear  colourless  liquid,  heavier  than  water,  and  highly  irritating  to 
the  eyes  and  nose.     It  boils  at  159°  C. 

A  combustion  with  chromate  of  lead  yielded  the  following 
numbers : 

0*382 1  of  substance  gave 
0-3923  of  Carbonic  Acid  and 
0-1215  of  Water. 
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A  determination  of  bromine  gave  the  following  numbers  : 

0*4942  substance  gave 
0-5110  of  Bromide  of  Silver. 

These  numbers  give  the  following  percentage  composition 


Carbon 27-976 

Hydrogen 3-533 

Bromine    .  .          . .          . .    47*53 

The  formula 

CgHyBrO^ 

quires  the  following  numbers  : 

Theory. 

Exp. 

8  equiv.  of  Carbon            48*00         28*70 

27*976 

7  equiv.  of  Hydrogen          7*00           4*18 

3*533 

1  equiv.  of  Bromine          79*97         47.70 

47-530 

4  equiv.  of  Oxygen           3200         19*42 

166-97       100-00 

This  substance  decomposes  partially  every  time  it  is  distilled 
with  evolution  of  hydrobromic  acid.  It  is  rapidly  acted  on  by 
ammonia. 

Bromacetate  of  Amyl  is  obtained  by  heating  hydrate  of  amyl 
with  an  excess  of  bromacetic  acid,  washing  the  product  with  water, 
and  dicing  over  chloride  of  calcium.  It  is  an  oily  liquid,  ha\dng 
a  pleasant  odour  when  cold,  but  if  heated,  acts  upon  the  eyes  and 
nose  like  the  preceding.  It  boils  at  207"  C,  and  decomposes 
partially  every  tioie  it  is  distilled.  Ammonia  acts  but  slowly  upon 
this  substance  in  the  cold. 

Two  combustions  of  this  substance  gave  the  following  results : 

I.        grm. 

•5091  of  Bromacetate  of  Amyl  gave 
•7658  of  Carbonic  Acid  and 
•2916  of  Water. 
II. 

•4829  of  Bromacetate  of  Amyl  gave 
•7071  of  Carbonic  Acid,  and 
•2675  of  Water. 
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Percentage  composition. 

I.  II. 

Carbon        ..  ..    40-08  39*97 

Hydrogen  .  .  . .      6"41  6*15 

which  agrees  with  the  formula 

C,,(Hi3Br)0„ 

as  may  be  seen  by  the  following  comparison  of  the  theoretical 
and  experimental  numbers : 

14  equiv.  of  Carbon  84-00  40-19  40*02 

13        „         Hydrogen  1300  6-22  628 

1        „         Bromine  79-97  38-22          

4        „         Oxvffen  3200  1537          


208-97       100-00 

A  curious  relationship  exists  between  the  boiling  points  of 
the  acetates  and  the  bromacetates  of  methyl,  ethyl,  and  amyl. 
Although  constant  boiling  points  have  not  been  obtained  with  the 
bromacetic  ethers,  yet  if  the  highest  point  at  which  the  largest 
proportion  comes  over  be  taken,  it  will  be  found  that  the  bro- 
macetates boil  at  a  temperatiu'e  from  about  82°  to  86°  C,  higher 
than  the  corresponding  acetates.     Thus — 


Boiling                                        Boiling 

point.                                           point. 

Diff- 

acets 

ite  of  Methyl  144°     Acetate  of  Methyl  58° 

86° 

}> 

Ethyl     159°           „           Ethyl    74° 

85° 

}) 

Amyl     207°           „           Amyl  125° 

82° 

A  similar  difference  also  exists  between  the  boiling  points  of 
bromacetic  and  acetic  acids. 

Boiling  point  of  Bromacetic  Acid  =  208° 
Acetic  Acid  =  120° 


88  diff. 

Could  these  substances  be  distilled  without  decomposition,  and 
a  constant  boiling  point  obtained,  it  is  very  probable  that  the 
numbers  would  agree  much  more  closely. 
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Bibromacetic  Acid. 
This  acid  is  formed  when  a  mixture  of  bromine  and  acetic  acid 
is  heated  in  presence  of  light;  also  in  small  quantities  when 
broraacetic  acid  is  heated.  It  is  difficult  to  obtain  in  large  quan- 
tities. We  are  at  present  endeavouring  to  find  a  process  by 
means  of  which  it  may  be  produced  with  certainty  in  any 
quantity. 

Bibromacetic  acid  is  a  liquid  boiling  at  about  240°  C. ;  it  is 
decomposed  partially  every  time  it  is  distilled,  evolving  hydro- 
bromic  acid.  It  does  not  solidify  at  15°  C.  It  is  possible  that  by 
the  continued  action  of  heat  it  might  be  transformed  into  trihro- 
macetic  acid.     Its  specific  gravity  is  very  great. 

Bromacetic  acid  forms  salts  with  most  bases ;  they  are  in 
general  uncrystallizable. 

Bibromacetate  of  Barium  is  deliquescent,  drying  up  to  a  gum- 
like sticky  mass. 

Bibromacetate  of  Lead  is  uncrystallizable,  drying  up  to  a  highly 
refractive  transparent  substance,  attracting  moisture,  and  becoming 
opaque.     It  is  very  soluble  in  water. 

Bibromacetate  of  Silver  is  obtained  by  adding  nitrate  of  silver  to 
a  solution  of  bibromacetic  acid,  when  it  falls  down  as  a  crystalline 
precipitate.  It  is  decomposed  by  ebullition  with  water  into  bro- 
mide of  silver  and  a  soluble  acid. 

Two  silver  and  one  bromine  determinations  gave  the  following 
numbers : 

I. 

•922  of  Bibromacetate  of  Silver  gave 
•4196  of  Chloride  of  Silver. 
II. 

•6446  of  Bibromacetate  of  Silver,  when  heated  with 

carbonate  of  soda,  &c.,  gave 
•2154  of  Metallic  Silver, 
•7160  of  Bromide  of  Silver. 

Percentage  composition. 

I.  II. 

Silver          .  .          . .    330  33^41 

Bromine      . .          .  . 49-26 

These  numbers  agree  with  the  formula 


^l^-> 


Ag,Cj",.    O, 
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as  may  be  seen  by  the  following  table  : 

Theory.  Exp. 

4  equiv.  Carbon  24-00         7-364  

2      „      Hydrogen  2-00         0-613  


1  „      Silver  107.97       33-128  33-2 

2  „      Bromine          159-94       49-074             49-26 
4      „      Oxygen  3200         9-821  


325-91     100000 

Bibromacetate  of  Ethyl  is  obtained  by  heating  hydrate  of  ethyl 
with  bibroraacetic  acid  in  a  sealed  tube,  at  a  temperature  of 
100°  C,  washing  the  product  with  water,  and  drying  over  chloride 
of  calcium. 

It  is  a  colourless  liquid,  heavier  than  water.  It  acts  on  the  eyes 
and  nose  like  the  bromacetate  of  ethyl. 

It  is  possible  that  if  a  salt  of  bibromacetic  acid  were  treated 
with  sodium  or  metallic  zinc,  an  acid  might  be  obtained  standing 
to  acetic  acid,  in  the  same  relation  as  acrylic  acid  stands  to  pro- 
pionic acid. 

M,  C4(HBr2)04  +  2Na  =  M,  C.HO^  V  2NaBr. 

We  have  lately  studied  the  action  of  ammonia  on  bromacetic 
acid,  and  have  obtained  some  exceedingly  interesting  results. 
We  find  that  when  bromacetic  acid  is  heated  with  ammonia,  there 
is  formed  a  large  quantity  of  bromide  of  ammonium,  and  a  beautiful 
white,  sweet  tasting  substance  which  we  think  without  hesitation 
we  may  say  is  Glycocol.  We  have  made  a  combustion  of  this 
substance,  gave  the  following  numbers  : 

•3256  of  Substance  gave 
•3837  of  Carbonic  Acid,  and 
•1920  of  Water. 

Percentage  composition. 

Carbon       , 3'21 

Hydrogen  . .  . ,  . .        6'53 
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The  formula 

C^HjNO^  requiring 

Carbon 32-0 

Hydrogen  . .  . .  . .        6*6 

There  cannot,  therefore^  be  any  doubt  as  to  the  composition  of 
this  product  being  identical  to  that  of  Glycocol ;  nevertheless  we 
hope  soon  to  give  some  confirmatory  numbers. 

We  also  find  that  on  boiling  the  bromacetate  of  silver  in  water, 
we  obtain  a  powerful  syrupy  acid,  and  which  Jias  all  the  properties 
of  glycollic  acid. 

The  formation  of  glycol  and  glycollic  acid  from  bromacetic  acid 
may  easily  be  understood  by  the  following  equations : 

C,(H3Br)0,  +  2NH3  =  C.H^NO^  +  NH^Br 

Glycoll. 

Ag,C,(H3Br)0,  +  H.O^  =  C,H^  +  AgBr 

Glycollic  acid. 

We  hope  when  we  have  completed  our  investigations  on  the 
formation  of  glycol  and  glycollic  acid,  to  give  an  account  of 
the  action  of  ammonia  and  of  hydrate  of  silver  on  bromacetic  acid, 
and  also  of  the  action  of  zinc-methyl  and  zinc-ethyl  on  these 
new  bromo-acids. 


V. —  On  the  Use  of  Gas  as  Fuel  in  Organic  Analysis. 
By  a.  W.   Ho^MA^fN. 

Some  years  ago*  I  described  a  gas-furnace  which  I  then  used 
for  combustions.  The  apparatus  in  question  furnished  very 
valuable  results,  but  has  many  imperfections  which  I  did  not 
leave  unnoticed  at  that  time.  The  wire-gauze  over  which  the 
air-flame  of  the  gas  is  lighted  is  rapidly  destroyed  and  must  be 
often  renewed;  frequently  the  wire-gauze  becomes  perforated 
during  a  combustion,  the  flame  then  descends,  and  the  heat  can 
no  longer  be  regulated.     The  greatest  inconvenience  however  of 

*  Journ.  of  the  Chem.  Soc,  vol.  vi,  p.  209. 
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this  furnace  arises  from  the  fact,  that  the  temperature  which  it 
yields  is  barely  sufficient  for  a  combustion  in  the  ordinary  way ; 
so  that  even  substances  which,  when  mixed  with  oxide  of  copper, 
readily  burn  in  a  charcoal  fire,  involve  the  necessity  of  completing 
their  combustion  by  a  current  of  oxygen.  The  simplicity  of 
Liebig's  original  method,  which  has  contributed  so  much  to  the 
rapid  progress  of  organic  chemistry,  is  thus  more  or  less  com- 
plicated. 

The  combustion-furnace  described  by  me  has  been  repeatedly 
modified.  The  alterations,  however,  which  have  been  suggested 
generally  refer  to  special  parts  of  the  apparatus :  the  mode  of 
admitting  the  gas  has  been  changed :  instead  of  the  piston,  which 
I  had  adopted,  a  system  of  valves  or  stop-cocks  has  been  found  by 
others  more  convenient,  &c.  In  most  cases,  however,  the  original 
method  of  burning  a  mixture  of  gas  and  air  over  a  wire-gauze 
has  been  retained.  Since  I  was  by  no  means  satisfied  with  my 
apparatus,  I  have  during  the  last  two  or  three  years  tried  nearly 
all  the  alterations  which  have  been  proposed  by  others,  without, 
however,  obtaining  a  furnace  possessing  all  the  qualities  which  I 
could  have  desired. 

I  therefore  tried  new  constructions,  and  ultimately  entirely 
gave  up  the  old  method.  After  much  time  and 
labour  which  I  have  devoted  to  this  subject,  I 
have  at  last  arrived  at  an  apparatus  which  has 
not  only  satisfied  myself  personally,  but  which 
has  been  rapidly  adopted  in  many  of  the  Loudon 
laboratories. 

In  reply  to  several  inquiries  which  have  been 
addressed  to  me  on  this  subject,  I  give  in  the 
following  pages  a  short  description  of  the  new 
furnace. 

Several  years  ago  a  peculiar  clay  burner 
was  introduced,  under  the  name  of  atmopyre, 
which  I  think  has  scarcely  received  from  che- 
mists the  attention  which  it  deserves.  This 
burner  is  a  hollow  cylinder  of  burnt  clay,  closed 
at  the  top,  open  at  the  bottom,  and  with  nume- 
rous perforations  througli  the  sides.  Those 
which  I  use,  and  which  are  represented  in  fig.  1, 
are  3  inches  high,  of  -^  inch  exterior,  and  |-  inch 
interior  diameter.     The  perforations  are  of  about 


Fig.  1. 
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Fig  2. 


the  thickness  of  a  pin,  are  made  in  rows;  their  number  varies, 
those  which  I  employ  have  ten  rows  each  of  fifteen  holes. 
From  such  a  clay  cylinder,  loosely  fixed  upon  an  ordinary 
bat^s-wing  burner,  the  stop-cock  of  which  has  been  appropriately 
adjusted,  the  gas  burns  with  a  perfectly  blue  flame  which  enve- 
lopes the  cylinder  and  renders  it  in  a  short  time  incandescent. 

These  clay  burners  being  readily  obtainable  and  very  indestruct- 
able,  I  have  tried  to  construct  a  complete  combustion-furnace  for 
organic  analysis,  by  appropriately  grouping  together  a  number  of 
them.  The  result  of  the  experiment  has  surpassed  my  most 
sanguine  expectations. 

The  disposition  of  the  apparatus  being  obvious  from  the  accom- 
panying wood-cuts,  a  few  explanatory  remarks   may  be  sufficient. 

Into  a  brass  tube,  a,  of  from  3  feet  to  3 
feet  8  inches  length  and  1  inch  diameter 
(shown  in  section  in  fig.  2),  which 
communicates  at  both  ends  with  the 
gas-main  of  the  laboratory,  there  are 
screwed  from  twenty-four  to  thirty-four 
tubes,  b.  These  tubes,  ^  inch  thick  and 
7  inches  high,  are  pro^'ided  with  stop- 
cocks, and  carry  brackets,  cc,  of  4| 
inches  length  and  -g-  inch  diameter,  for 
the  reception  of  five  ordinary  bat's-wing 
pro-  burners  (each  consuming  from  3  to  4 
cubic  feet  of  gas  per  hour  for  a  full  lumin- 
ous eff'ect)  upon  Avhich  a  corresponding 
number  of  clay-burners  is  fixed.  These 
clay  burners,  dddd,  have  the  dimensions 
before  stated,  with  the  exception  of  the 
middle  one,  which  is  only  1-2-  inches 
high,  and  has  only  seventy  or  eighty 
perforations.  It  serves  as  support  for  the  combustion-tube,  /, 
which  is  thus  bedded  in  a  channel  of  heated  fire-clay.  The 
system  of  brackets  lying  side  by  side  acquires  sufficient  stability 
by  a  strong  iron  frame,  gg,  which  rests  upon  two  firm  sup- 
ports, hh,  of  cast  iron,  fastened  down  by  screws  upon  the  foot- 
plate, ii,  likewise  of  cast  iron.  The  iron  frame,  gg,  has  moreover 
a  groove  for  the  reception  of  moveable  side  plates  of  fire-clay,  kk. 
They  are  of  the  same  height  as  the  high  burners,  over  which 
they  project,  but  about  f  inch,    in    consequence  of  their   resting 


a  Horizontal  gas-pipe. 
b  Vertical     gas-pipe, 
vided  with  stop-cock. 
cc  Bracket  for  burners. 
dddd  High  clay  burners. 
e  Low  clay  burner. 
f  Combustion-tube. 
gg  Wrought  iron  frame. 
hh  Cast  iron  supports. 
ii  Cast  iron  foot-plate. 
kk  Side  plates  of  tire-clay. 
U  Cover  plates  of  fire-clay. 
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upon  the  frame  g ;  lastly,  II  are  covering  plates,  likewise  of  fire- 
clay, whicli  are  supported  by  the  side  plates,  kk. 

The  whole  disposition  of  this  apparatus  will  be  best  understood 
by  a  glance  at  the  perspective  view  given  in  fig.  3.'^ 

Fig.  3. 
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In  the  front  part,  contiguous  to  the  potash -apparatus,  the  side 
plates  and  the  covering  plates  are  omitted,  in  order  to  show  the 
disposition  of  the  burners.  During  the  combustion,  however,  all 
the  burners  are  inclosed,  as  exhibited  in  the  posterior  part  of 
the  apparatus. 

It  deserves  to  be  noticed  that  the  efficiency  of  the  furnace 
essentially  depends  upon  'the  correct  disposition  of  the  gas-jets. 
The  most  appropriate  space  between  the  several  burners,  according 
to  numerous  experiments  made  for  the  purpose,  is  about  ^  inch. 
It  is  very  important,  for  the  attainment  of  a  perfectly  uniform 
temperature,  that  the  several  brackets  bearing  the  burners 
should  be  equidistant.  Their  position  is  therefore  specially 
secured  by  every  bracket  being  fixed  in  an  aperture  formed  in 
the  iron  frame,  gg  (fig.  2). 

The  use  of  the  furnace  scarcely  requires  any  special  remark. 
According  to  the  length  of  the  combustion-tube,  from  8  to  10 
stop-cocks  (under  all  circumstances  the  largest  possible  number), 
are  opened  at  once  at  the  commencement  of  a  combustion.  If 
care  has  been  taken  to  regulate  the  amount  of  gas,  either  by  the 
stop-cocks  in  the  horizontal  gas-pipe,  or  by  those  in  the  separate 
supply-tubes,  the  lighted  portion  of  the  furnace,  in  10  or  12  minutes, 
will  be  in  a  state  of  perfect  incandescence,  comparable  only 
to  the  ignited  mass  of  charcoal  in  an  ordinary  combustion-furnace. 

*  The  engraving  is  taken  from  the  7th  edition  of  Fownes'  Manual  of  Chemistiy, 
London,  1858.     John  Churchill. 
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After  this  it  is  only  necessary  to  open  the  remainder  of  the  stop- 
cocks in  appropriate  succession,  to  insure  a  slow  and  regularly 
progressing  comljustion.  The  time  required  for  the  completion  of 
an  analysis  varies  from  40  minutes  to  an  hour.  Only  in  extra- 
ordinar}'  cases  a  longer  time  may  be  required. 

The  heat  obtained  by  this  furnace  is  extremely  uniform,  and 
since  it  is  conveyed  to  the  combustion-tube  chiefly  by  radiation 
from  the  incandescent  mass  of  surrounding  clay,  every  part  of 
the  tube  is  equally  heated.  It  is  in  this  respect  especially  that 
the  new  apparatus  differs  from  all  former  contrivances  of  this  kind. 
The  temperature  which  it  is  capable  of  yielding  is  entirely  at  the 
command  of  the  operator.  When  strained  to  its  full  power,  it  gives 
a  heat  equal  to  that  of  the  strongest  charcoal  combustion-furnace,  at 
which  even  the  most  refractory  Bohemian  tubes  readily  fuse ;  by 
appropriately  adjusting  the  stop-cocks,  however,  it  is  possible  to 
maintain  the  furnace  at  any  desired  temperature,  especially  since 
it  is  only  necessary  to  look  into  the  channel,  when,  with  a  little 
practice,  a  correct  idea  of  the  temperature  is  rapidly  obtained  from 
the  colour  of  the  glowing  cylinders.  It  deserves,  however,  to  be 
noticed,  that  the  apparatus  furnishes  rather  more  than  less  heat  than 
is  generally  requii-ed ;  it  is  preferable,  therefore,  under  all  circum- 
stances, to  protect  the  combustion-tube  by  a  metallic  shield :  for 
this  purpose  ordinary  brass-wire  gauze*may  be  conveniently  em- 
ployed ;  which  is  more  easily  manipulated,  and  may  be  used  longer 
than  the  thin  cojiper  or  brass  plate  generally  employed. 

From  what  has  been  stated  it  is  obvious  that  the  furnace  may  be 
used  in  many  operations  in  which  charcoal  has  hitherto  been  con- 
sidered almost  indispensable.  During  the  time  I  have  had  it  in  use,  it 
has  served  in  all  kinds  of  analyses,  from  the  combustion  of  ether 
to  the  carbon-determination  in  cast  iron.  It  is  scarcely  requisite 
to  be  mentioned,  that  the  combustion  may  be  made  with  or  without 
oxygen,  as  the  case  may  necessitate.  In  all  other  tube-operations, 
in  passing  gases  or  vapours  through,  red-hot  tubes  (preparation  of 
propylene  gas),  in  reducing  copper-turnings,  &c.,  the  apparatus  may 
be  used  with  equal  advantage ;  for  the  latter  operation,  which  has  to 
be  so  frequently  repeated,  it  is  found  convenient  to  re-arrange  the 
burners  in  such  a  manner  as  to  obtain,  by  the  introduction  of  a 
second  row  of  small  burners  in  the  place  of  large  burners,  two 
gutters  or  channels,  in  which  two  glass  tubes,  connected  by  means 
of  caoutchouc  with  the  same  hydrogen-apparatus,  may  be  heated  at 
once.     In  like  manner  two  corol)ustion -tubes,  similarly  filled  with 
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a  similar  mixture^  have  been  actually  lieated  simultaneously.  If 
short  combustion-tubes  are  to  be  heated,  such  as  are  used  in 
litrogen-determinations,  an  additional  advantage  may  be  obtained 
by  simultaneously  operating  on  both  sides  of  the  apparatus. 

One  of  the  great  advantages  of  this  furnace  is  its  durability ; 
one  that  I  have  had  in  almost  daily  use  dmnng  ten  months,  is  as 
good  as  new  at  the  present  moment.  The  clay  burners,  as  I  have 
stated  already,  are  very  indestructible,  but  even  in  case  of  a 
burner  splitting,  it  may  be  rapidly  removed  and  replaced,  even 
during  an  analysis.  The  clay  pl,ates  also,  when  well  burnt,  are 
very  durable,  and  often  serve  for  months,  even  after  they  are  split. 
At  first,  I  was  somewhat  afraid  the  minute  holes  in  the  clay 
burners  might  become  stopped  up  by  carbon ;  but  the  mixture  of 
gas  and  atmospheric  air  is  so  perfect,  and  the  diffusion  of  the  com- 
bustion is  so  great  (in  the  apparatus  which  I  use,  the  gas  issuing  from 
between  24,000  and  25,000  apertures),  that  neither  upon  the  burners 
nor  in  the  perforations  is  the  slightest  trace  of  carbon  deposited. 

It  remains  now  only  to  mention  a  few  experiments  which  were 
made,  in  order  to  determine  the  qviantity  of  gas  consumed  by  the 
apparatus.  These  experiments  were  performed  in  the  laboratory  of 
my  friend,  INI  r.  J.J.  Evans,  of  the  Chartered  Gas  Company,  Avho 
kindly  placed  his  instruments  at  my  disposal.  It  was  found  that  a 
combustion,  lasting  one  hour,  and  requiring  the  whole  length  of 
the  furnace  (34  rows  of  burners),  consumes  from  80  to  90  cubic 
feet;  the  maximum  ever  observed  being  100  cubic  feet.  For  a  car- 
bon-determination, with  24  rows  of  burners,  which  generally  lasts 
about  40  minutes,  from  50  to  60  cubic  feet  are  required ;  for  a 
nitrogen-determination,  from  25  to  30  ciibic  feet.  Perfectly 
similar  results  have  been  observed  by  Dr.  Watson.  From  these 
data  it  is  obvious  that  this  apparatus  is 
a  very  economical  one,  especially  in  loca- 
lities where  gas  is  cheap  and  charcoal 
dear.  In  laboratories,  therefore,  where 
many  combustions  are  made,  the  saving 
of  fuel  will  readily  cover  the  original  outlay 
for  the  furnace. 

The  cost  of  the  apparatus  and  the  con- 
sumption of  gas  can  be  still  further  dimi- 
nished by  reducing  the  number  of  the  rows   ^i^ff^ 
of  burners  from  5  to  3.     Fig.  4  shows  the 
section  of  such  a  furnace,  which  has  furnished  me  good  results. 
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Sucli  a  furnace  of  course  does  not  yield  tlie  same  degree  of 
temperature  as  the  larger  one,  it  also  requires  a  few  minutes 
more  to  produce  the  full  effect ;  but  in  few  cases  will  a  higher 
temperature  be  necessary  for  combustions.  Such  a  smaller  appa- 
ratus is  also  very  useful  in  lectures,  when  a  further  simplification 
may  be  effected  by  a  diminution  of  the  number  of  the  stop- 
cocks. 

In  conclusion,  I  offer  my  best  thanks  to  my  friends  Dr.  Watson 
and  Dr.  H.  Miiller,  whose  interest  in  the  apparatus  has  greatly 
facilitated  its  construction.  My  thanks  are  also  due  to  Mr.  R.  H. 
Hess,  who  was  entrusted  with  the  manufacture  of  the  furnace,  and 
to  whose  perseverance,  during  many  alterations,  I  am  indebted  for 
an  apparatus  which  I  should  not  like  to  miss  any  more  in  my 
researches. 


VI. — On  the  Chemical  Action  of  Water  on  Soluble  Salts. 
By  Dr.  J.  H.  Gladstone,  F.R.S. 

In  pursuing  my  researches  on  chemical  affinity  among  substances 
in  solution,  it  seemed  desirable  to  ascertain,  if  possible,  Avhat  specific 
chemical  action  water  exerted  on  a  salt.  Unfortunately  my  expe- 
riments in  this  direction  have  not  led  to  any  such  conclusive  result 
as  I  had  hoped ;  yet,  during  the  course  of  the  inquiry,  many  obser- 
vations were  made  which  I  believe  to  be  new,  and  some  of  which 
I  think  are  not  unworthy  the  notice  of  chemists. 

In  order  to  bring  these  observations  clearly  before  the  minds  of 
others,  it  may  be  well  to  associate  them  with  the  leading  trains  of 
thought  that  presented  themselves  to  my  own  mind  during  the  in- 
vestigation ;  and,  as  in  a  difficult  discussion  it  is  very  necessary  to 
examine  the  simpler  before  attempting  the  more  complex  pheno- 
mena, it  will  be  wise  to  confine  the  attention  first  to  simple  salts, 
and  indeed  to  begin  by  trying  to  ascertain  what  is  the  action  of 
water  on  such  a  salt  before  it  dissolves  it. 

Anhydrous  salts  will  frequently  absorb  water,  and  still  remain 
solid  bodies,  either  amorphous  or  crystallized.  In  such  a  case,  the 
water  combined  in  the  solid  form  is  always  in  atomic  relation  with 
the  salt  itself.    The  language  of  chemists  implies  the  general  belief 
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that  a  certain  number  of  equivalents  of  water  are  then  simply  added 
to  the  original  salt ;  yet  great  heat  is  often  evolved,  and  a  change 
of  colour  frequently  ensues."^  I  know  of  no  reason  to  think  that 
the  water  in  such  a  case  has  been  decomposed  by  the  salt  (whose 
composition  may  be  expressed  by  the  general  formula  MR),  and 
that  the  resulting  solid  contains  any  such  compound  as  MO,HE;, 
though  should  any  one  choose  to  advance  such  a  view  he  would  not 
be  wholly  without  arguments  to  support  it. 

These  "  hydrated'^  salts  are  usually,  but  not  always,  soluble  in 
water.  When  solution  does  take  place,  those  difficulties,  as  to  their 
rational  composition,  of  which  we  have  already  seen  the  commence- 
ment, increase ;  for  there  is  now  scope  for  more  varied  chemical 
actions,  and  consequently  for  a  wider  range  of  speculation.  The 
water  may  act  merely  as  a  solvent ;  or  it  may  unite  without  decom- 
position with  the  dissolved  salt,  becoming  an  integral  part  of  it ;  or 
it  may  exert  an  action  similar  to  what  usually  takes  place  when  two 
binary  compounds  are  united  under  such  circumstances  that  all 
the  resulting  bodies  are  free  to  act  and  react,  namely,  that  recipro- 
cal decomposition  ensues,  each  electro-positive  element  combining 
with  each  electro-negative  one  in  certain  proportions  ;  or  the  ulti- 
mate result  may  be  due  to  two  or  more  of  these  modes  of  action 
in  conjunction. 

Usually  when  a  "  hydrated"  salt  is  dissolved  in  a  minimum  of 
water,  nothing  is  observable  beyond  a  change  in  its  state  of  aggre- 
gation, and  the  new  physical  properties,  and  the  absorption  of  heat 
resulting  from  that.  No  change  of  colour,  as  far  as  I  can  find, 
ever  ensues.  A  change  in  fluorescence  may  occur. f  There  is  no 
atomic  relation  between  the  quantity  of  salt  dissolved,  and  the 
quantity  of  water,  indeed  the  ratio  varies  with  the  degree  of  tem- 
perature. Here  we  seem  to  have  the  simplest  case  of  solution, 
such  as  we  necessarily  conceive  when  a  salt  dissolves  in  ether,  or 
a  fat  in  an  essential  oil. 

When  an  anhydrous  salt,  which  will  not  combine  with  water  to 
produce  a  solid  compound,  dissolves  in  that  liquid,  the  same  pheno- 
mena usually  present  themselves,  except  that  a  change  in  colour 

*  For  a  case  in  point,  and  some  remarks  on  it,  see  my  paper  "  On  the  Colour  of 
Chloride  of  Copper  in  Different  States  of  Hydration."  Quart.  Journ.  Cbem.  Soc, 
viii,  211. 

t  As  in  the  case  of  crystallized  salts  of  uranium,  which  are  much  more  fluorescent 
than  their  saturated  solutions.  See  the  paper  of  Prof.  Stokes,  Phil.  Trans.,  1852, 
617.  This  observation,  as  every  other  quoted  or  reasoned  on  in  this  communication, 
has  been  verified  by  myself. 
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may  occur ;  as  in  the  case  of  red  prussiate  of  potash,  which  gives 
a  green  saturated  solution. 

Sometimes^  however,  an  evident  decomposition  ensues,  the 
hydrogen  and  oxygen  of  the  water  combining  each  with  one  of  the 
elements  of  the  other  binary  compound,  and  the  products  of  this 
action  remaining  uncombined.  This  is  common  among  the  com- 
pounds of  the  non-metallic  bodies — as,  for  instance,  the  chlorides 
of  phosphorus, — and  is  not  unknown  among  what  are  more  properly 
called  salts,  for  instance  chloride  or  nitrate  of  bismuth,  or  sulphate 
phosphate  or  citrate  of  ammonia.  In  such  cases  the  decomposi- 
tion makes  itself  manifest  by  the  separation  of  the  one  resulting 
substance  from  the  other.  The  bismuth  salt  treated  with  water 
forms  an  insoluble  subsalt ;  the  compound  of  ammonia  with  a 
polybasic  acid  gives  off  some  of  the  volatile  alkali  when  its  solution 
is  heated,  while  the  liquid  itself  becomes  acid.  It  is  certain,  how- 
ever, that  in  the  vast  majority  of  cases  of  solutions  of  salts,  no  such 
interchange  takes  place,  with  the  production  of  a  new  oxygen  and 
a  new  hydrogen  compound  v;ncombined ;  if  chloride  of  copper  be 
dissolved,  no  oxide  of  copper,  or  subsalt,  is  precipitated,  and  no 
hydrochloric  acid  can  be  boiled  oft'.  Yet  it  has  been  contended 
that  a  haloid  salt  in  dissolving  ceases  to  be  of  the  constitution  MR, 
and  becomes  MO,  HR;  only  that  the  two  new  products,  instead 
of  separating,  form  one  compound  body.  When  this  theory  was 
started,  there  was  supposed  to  be  a  wide  difference  in  the  essential 
constitution  of  haloid  and  other  salts ;  our  views  have  now  changed, 
and  there  seems  to  me  now  no  logical  grounds  on  which,  if  we 
consider  a  haloid  salt  in  solution  to  be  MO,HR,  we  can  stop  short 
and  refuse  to  consider  this  as  the  general  expression  of  any  salt  in 
solution. 

I  was  unacquainted  with  any  argument  of  weight  in  support  of 
this  hypothesis  ;  yet,  on  the  other  hand,  it  had  never  been  actually 
disproved.  Analogy,  too,  led  me  to  view  it  with  some  favour,  for  it 
seemed  reasonable  to  suppose  that  water  might  act  like  hydro- 
chloric acid,  or  a  similar  hydrogen  compound,  and  that  possibly 
an  aqueous  solution  of  a  salt  might  resemble  a  solution  of  ferric 
phosphate  in  hydrochloric  acid,  Avhicli  contains  portions  of  both  the 
original  salt  and  the  hydracid,  mixed  with  ferric  chloride  and 
phosphoric  acid.^     The  action  of  HO  on  INIR  would  by  analogy 

*  See  my  paper,  in  the  Quart.  Joum.  Cbem.  Soc,  ix,  152.  Of  course  water  was 
present  in  the  reaction  alluded  to  there,  but  I  have  repeated  it  in  absolute  alcohol 
with  a  similar  result. 
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result  in  a  reciprocal  decomposition,  MO  and  HR  being  formed — • 
either  separate  or  in  combination — while  portions  of  the  original 
HO  and  MR  coexisted  in  the  same  solution. 

But  how  was  this  to  be  decided  ?  By  all  analogy  it  might  be 
anticipated  that  by  increasing  the  amount  of  HO  more  ^IR  would 
be  decomposed,  just  as  the  addition  of  more  hydrochloric  acid  to  a 
solution  of  ferric  phosphate  in  that  acid,  produces  more  ferric  chlo- 
ride and  heightens  the  colour.  The  action  of  water  when  added 
to  a  saturated  solution  of  a  salt  becomes  therefore  a  matter  of 
peculiar  interest. 

That  such  an  addition  of  water  produces  a  decomposition  is  some- 
times evident  from  the  separation  of  a  precipitate — and  that  in 
several  diflferent  ways.     Thus  : — 

Pentachloride  of  antimony,  as  is  well  known,  though  soluble  in  a 
small  amount  of  water,  is  decomposed  by  a  larger  quantity, 
giving  rise  to  hydrochloric  acid,  and  an  oxychloride  of  the  com- 
position SbC102,  according  to  Peligot. 

A  strong  solution  of  ferric  sulphate,  if  diluted  Avith  water,  deposits 
a  subsalt,  3Fe203,S03  +  7HO.* 

The  intensely  blue  solution  of  crystallized  ammoniacal  nitrate  or 
sulphate  of  copper  in  a  little  water  is  perfectly  clear,  but  on 
dilution  it  becomes  turbid  from  the  separation  of  a  subsalt,  the 
quadrobasic  sulphate,  while  free  ammonia  is  perceived  in  the 
solution. 

Nitrate  of  bismutli,  if  slightly  acid,  dissolves  in  a  little  water,  but 
forms  a  white  precipitate,  of  varying  composition^  when  this  is 
poured  into  a  larger  quantity. 

In  all  these  cases,  the  amount  of  precipitate  increases,  within 
certain  limits,  with  the  amount  of  water  added.  The  full  action  of 
the  water  also  does  not  take  place  instantly.  Yet  it  must  be  borne 
in  mind  that  not  one  of  these  salts  is  of  simple  constitution  after 
the  type  MR,  and  that  tlie  products  of  decomposition  are  never 
MO,  but  some  new  salt  of  complicated  composition.  There  is  this 
difference  too  between  these  cases  and  all  those  instances  of  reci- 
procal decomposition  which  are  recorded  in  my  paper  "  On  the 
circumstances  modifying  the  action  of  Chemical  Affinity,^'  that 
here  a  large  amount  of  water,  many  equivalents  in  fact,  is  required 
before  any  trace  of  the  insoluble  compound  is  formed. 

*  According  to  Scheercr,  this  is  2(3Fe303S03)  +  9H0.  but  the  specimens  analyzed 
by  me  contained  more  water. 


40  DR.    GLADSTONE    ON    THE 

That  the  addition  of  water  to  a  saturated  aqueous  solution  of  a 
salt  produces  some  chemical  change  is  sometimes  apparent  fi'om  a 
change  in  colour.     This  phenomenon  was  closely  examined. 

It  might  be  anticipated^  a  priori,  that  a  certain  amount  of  salt 
would  have  the  same  absorbent  effect  on  a  given  number  of  rays  of 
lights  whether  it  were  dissolved  in  much  or  in  little  water,  and 
that,  as  the  absorbent  power  of  water  is  practically  nil,  it  would 
appear  to  the  eye  of  precisely  the  same  depth  and  character  of 
colour  in  the  two  cases.  And  this  actually  happens  in  the  majority 
of  instances ;  but,  to  perform  the  experiment,  it  was,  of  course, 
necessary  to  make  the  same  quantity  of  light  impinge  upon  the 
solution  before  and  after  dilution,  and  this  required  a  special  con- 
trivance. Colourless  cylindrical  glasses  of  uniform  diameter  and 
of  the  same  size  were  procured,  and  they  were  each  closed  at  one 
end  with  a  flat  plate  of  glass.  These  were  placed  side  by  side  in  a 
wooden  frame  (something  like  that  of  an  ordinary  stereoscope), 
which  was  painted  black  within,  and  so  made  that  it  prevented  any 
light  from  passing  into  the  cylindrical  glasses  except  by  the  two 
ends.  This  frame  was  supported  in  such  a  manner  that  the  glasses 
were  vertical,  with  a  space  of  a  foot  or  thereabouts  intervening 
between  them  and  a  sheet  of  white  card-board  placed  beneath. 
The  glasses  so  situated  were  of  course  capable  of  holding  solutions, 
and  it  is  evident  that  the  light  transmitted  through  them  to  the 
eye  of  an  observer  standing  above  must  come  through  the  flat  ends 
of  the  cylinders,  which  were  of  uniform  size,  and  equally  illumina- 
ted from  the  white  sheet  below.  It  is  evident,  too,  that  any  altera- 
tion in  the  bulk  of  the  liquid  will  not  aflect  the  quantity  of  light 
that  enters  by  the  end  of  the  cylinder;  and  that  the  fact  of  all 
experiments  being  comparative  will  eliminate  all  errors  that  might 
have  arisen  from  the  diflierence  of  light  at  difl"erent  hours,  or  any 
similar  cause.  As  this  little  apparatus  will  be  frequently  referred 
to,  I  will  give  it  a  name,  and  since  its  principal  use  is  in  judging 
by  the  eye  of  the  quantity  of  colour  in  two  solutions,  it  may  be 
appropriately  designated  the  Isoscope. 

For  the  purpose  of  determining  whether  the  addition  of  water  to 
a  saturated  solution  of  a  salt  causes  it  to  absorb  more  or  less  lieht. 
the  solution  to  be  examined  was  divided  equally  between  the  two 
cylindrical  glasses,  so  that  when  they  were  looked  through  from 
above  they  appeared  identical  in  colour;  water  was  then  added  to 
one  of  them,  and  if  any  change  was  effected  by  it,  it  became  at 
once  visible  by  comparison  with  the  other^     It  was  found  neces- 
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sary  to  avoid  focusing  the  eye  at  any  particular  part  of  a  solution, 
when  diluted  so  as  to  be  very  deep,  but  a  little  practice  will  soou 
enable  the  observer  to  avoid  this,  especially  when  the  solutions 
are  looked  at  from  some  considerable  distance  (five  or  six  feet) 
above  them.  It  is  desirable  also  to  place  the  head  in  such  a  posi- 
tion that  the  line  joining  the  two  eyes  shall  be  at  right  angles  to 
the  line  joining  the  two  glasses,  for  if  each  eye  be  immediately 
over  one  of  the  glasses,  a  slight  fallacy  results,  apparently  from 
the  unequal  strength  of  the  two  eyes.  The  accuracy  with  which 
slight  differences  in  intensity  of  colour  may  be  observed,  varies 
with  the  nature  of  the  colour,  the  degree  of  illumination,  and 
doubtless  the  sensitiveness  of  the  observer's  eye.  In  my  case  I 
can  generally  detect,  under  ordinary  circumstances,  a  variation  of 
1  in  50.  Differences  in  the  character  of  the  colour  are,  of  course, 
easily  recognized. 

In  this  manner,  the  saturated  solutions  of  many  simple  salts 
were  examined,  and  where  the  saturated  solution  was  too  intensely 
coloured  to  be  practically  available,  a  slightly  diluted  solution  was 
placed  in  each  glass,  and  with  one  of  them  additional  water  was 
mixed.  The  following  salts  appeared  to  be  unaffected  by  water, 
as  to  their  power  of  absorbing  the  rays  of  light : — 

Ferrous  sulphate.  Terchloridc  of  gold. 

Ferric  nitrate.  Terbromide  of  gold. 

Ferric  meconate.  Protochloride    of    platinum    (in 
Ferric  comenate.  hydrochloric  acid). 

Ferric  comenamate.  Bichloride  of  platinum. 

Ferric  gallate.  Bichloride  of  palladium. 

Nitrate  of  nickel.  Chromate  of  potash. 

Nitrate  of  cobalt.  Ferrocyanide  of  potassium. 

Sulphate  of  copper.  Ferridcyanide  of  potassium. 

Chloride  of  chromium.  Nitroprusside  of  sodium. 

Acetate  of  chromium.  Sulphindigotic  acid. 

Chromate  of  chromium.  Sulphindigotate  of  ammonia. 

Nitrate  of  uranium.  Carbazotate  of  copper. 

Chloride  of  uranium.  Pentasulphide  of  potassium. 
Sulphate  of  eerie  oxide. 

Some  dissolved  salts  were  found  to  vary  in  the  intensity  of  their 
colour,  but  not  in  the  character  of  it,  on  dilution,  thus  : — 

Ferric  acetate  became  considerably  darker. 

Ferric  tartrate  became  slightly  paler. 

Chromic  sulphate  (green  modification)  became  paler. 


43  DR.   GLADSTONE    ON    THE 

Many  dissolved  salts  were  found  to  vary  in  the  character  of 
their  colour,  according  to  the  state  of  dilution,  thus : — 

Ferric  chloride  becomes  more  yellovi^,  that  is  to  say,  passes  from  a 

red  orange  to  an  orange  yellow. 
Ferric  citrate  becomes  paler  and  more  yellow. 
Ferric    sulphocyanide    changes   from  an  intense  and  pure  red  to 

orange,  and  on  further  dilution  to  yellow ;  but  when  this  colour 

makes  its   appearance    a  decomposition  manifests  itself  by  the 

formation  of  a  yellow  precipitate.* 
Chloride  of  nickel  passes  from  a  yellow  to  a  blue  green. 
Iodide    of  nickel    suffers    a  similar  change,   though  when   strong 

it  does  not  transmit  so  much  light  as  the  chloride  does. 
Chloride  of  cobalt  becomes  paler  and  of  a  more  decided  pink. 
Iodide  of  cobalt  passes  from  a  deep  green  to  pink. 
Acetate  of  cobalt   becomes   shghtly  paler,  and  assumes  somev.  hat 

of  a  yellower  tint. 
Sulphocyanide  of  cobalt   passes  from  a  magnificent   purple  bkie 

through  every  shade  of  purple  till  it  becomes  of  the  ordinary  red 

or  pink  colour  of  cobalt  salts  in  solution. 
Chloride  of  copper  passes  from  green  to  blue. 
Bromide  of  copper  suffers  a  similar  change. 
Acetate    of  copper    becomes    much     paler,   and    passes   from    a 

greenish  to  a  more  pure  blue. 
Permanganate  of  potash  becomes  paler  and  of  a  redder  purple. 
Chromic    acid  passes  from  red   to   an  orange  brown,  then    to  a 

purer  orange,  which  becomes  paler  on  further  dilution. 

That  these  changes  of  colour  are  due  to  the  action  of  the  water, 
and  not  to  any  merely  physical  cause,  is  proved  by  the  fact  that 
dilution  with  alcohol  does  not  occasion  them.  Chloride  of  copper, 
for  instance,  dissolves  in  absolute  alcohol  of  a  bright  green  colour, 
and  chloride  or  sulphocyanide  of  cobalt  of  a  magnificent  bluish 
purple,  but  when  examined  by  the  isoscope,  these  solutions  are 
found  to  be  unaffected  by  the  additions  of  more  absolute  alcohol, 
either  in  respect  to  the  intensity  or  the  character  of  their  colour. 
If  water  be  added  to  the  alcoholic  solution,  the  change  of  colour 
ensues  more  or  less  perfectly  according  to  the  relative  amount  of 
the  two  liquids ;  and  if  alcohol  be   added  to   a   somewhat  dilute 

*  This  decomposition  has  been  investigated  by  Dr.  Glaus ;  see  Annal.  Chem.  u. 
Pharm.  July,  1856.  He  seems  to  be  unaware  that  the  sulphocyanide  may  be  diluted 
till  it  appears  of  a  yellowish  orange,  without  any  precipitate  forming,  even  after 
many  days. 
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aqueous  solution  of  these  salts,  the  primary  colour  is  more  or  less 
restored.  Ferric  sulphocyanide,  however,  seems  to  form  an  excep- 
tion. A  very  large  quantity  of  absolute  alcohol  produces  the  same 
change  in  the  colour  of  this  substance  that  a  much  smaller  quan- 
tity of  water  does,  and  on  long  standing,  a  little  yellow  substance 
separates.  I  do  not  believe  that  this  depends  on  any  water  in  the 
alcohol  itself;  for  that  employed  by  me  was  of  specific  gravity 
790,  and  it  is  hard  to  conceive  that  any  trace  of  water  should  leave 
the  strongest  alcohol  to  act  upon  a  salt,  and  eflFect  a  change  which 
usually  requires  its  presence  in  overpowering  quantity. 

A  glance  at  the  list  of  salts  which  change  colour  on  the  addi- 
tion of  water  will  suffice  to  show  that  they  consist  of  little  else 
than  acetates,  and  a  peculiar  group  of  "  haloid  '^  salts,  namely, 
compounds  of  chlorine,  bromine,  iodine,  and  sulphocyanogen,  with 
iron,  and  the  allied  metals,  nickel,  cobalt,  and  copper. 

These  changes  of  colour,  tliough  consistent  with  tlic  idea  of  the 
water  added  to  a  saturated  solution  decomposing  more  of  the 
original  salt  MR,  and  thus  forming  more  ]MO,HR,  are  very  far 
from  proving  that  hypothesis.  They  may  be  attributed  to  the 
formation  of  a  higher  hj^drate ;  and  other  hypotheses  might  easily 
be  invented.  It  seemed,  however,  a  matter  of  interest  to  try 
whether  the  change  of  colour  produced  by  water  in  a  solution  of 
such  a  salt  as  acetate  of  copper  was  analogous  to  the  change  that 
takes  place  on  the  addition  of  another  hydrogen  compound,  for 
instance,  hydrochloric  or  sulphuric  acid*  Now,  in  both  cases,  a 
reduction  of  the  colour  ensues ;  and  in  the  case  of  the  acid,  it 
takes  place  in  a  diminishing  ratio,  that  is,  each  addition  of  acid 
has  a  smaller  effect  (as  compared  with  its  quantity)  than  the 
preceding.     Does  the  action  of  water  exhibit  a  similar  ratio? 

Experiments  were  performed  to  determine  this.  A  portion  of  a 
saturated  solution  of  acetate  of  copper  was  divided  equally  between 
the  two  vertical  glasses  of  the  isoscope.  The  one  was  kept  as  a 
standard ;  to  the  other  a  known  amount  of  the  same  saturated 
solution  was  added,  and  as  that  of  course  increased  the  colour, 
water  was  added  till  it  was  brought  down  again  to  that  of  the 
standard.  The  ratio  between  the  amount  of  water  added  and  the 
amount  of  coloured  salt  which  it  could  render  invisible,  so  to 
speak,  gave  what  was  required.  Two  experiments  were  made  with 
the  same  solution. 

*  Phil.  Trans.  1855,  pp.  222,  223. 
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Orig.    amount 

Amount    of 

Water  r 

equired. 

Reducing  effect  of  each  addition  of 

ol  Acetate    of 

Acetate  of  Cop- 
per solution 

Co)  per    Solu- 

tiou. 

added. 

Exp.  I. 

E.\p.  II. 

E.\p.  I. 

Exp.  II. 

Pts. 

Pts. 

Pts. 

Pts, 

Per  cent. 

Per  cent. 

100 

8 

60 

13-3 

100 

16 

116 

14-3 

100 

24 

180 

12-5 

100 

32 

244 

12-5 

100 

40 

330 

12-1 

100 

48 

352 

405 

14-8 

10-7 

100 

56 

535 

6-1 

100 

64 

596 

615 

6-5 

10- 

100 

72 

790 

4-6 

100 

80 

980 

975 

4-2 

4-3 

100 

88 

1180 

3-9 

100 

96 

1500 

1440 

31 

31 

Both  these  experiments  indicate  that  the  effect  of  additional 
quantities  of  water  is  in  a  decreasing  ratio,  at  least,  after  the  addi- 
tion of  four  or  five  times  its  bulk  of  water  to  the  saturated 
solution,  about  which  point  the  two  experiments  show  a  certain 
irregularity  and  discrepancy.  About  this  pointy  also,  the  change 
to  a  somewhat  purer  blue  takes  place. 

On  mixing  water  with  a  solution  of  ferric  acetate,  the  colour  is 
considerably  deepened,  but  on  standing  awhile,  the  solution 
becomes  nearly  as  pale  as  originally. 

The  following  series  of  observations  was  obtained  with  ferric 
sulphocyanide  : — 


Orig.   amount   of  Ferric 

Amount  of  Sulphocvanide 

Water  required. 

Reducing  effect  of  each 

Sulphocjanide  Solution. 

Solution  added. 

addition  of  Water. 

Pts. 

Pts. 

Pts. 

Per  100  pts. 

100 

10 

24 

4-2 

100 

20 

44 

5-0 

100 

40 

80 

6-5 

100 

60 

128 

4-2 

100 

80 

204 

2-6 

100 

100 

296 

2-2 

100 

120 

384 

2-3 

100 

140 

468 

2-4 

100 

160 

556 

2-3 

100 

190 

692 

2-2 

Within  the  range  of  these  observations,  which,  as  may  be  supposed, 
did  not  commence  with  a  saturated  solution,  and  which  terminated 
long  before  the  salt  became  yellow,  there  is  evidently  more  than 
one  change  of  ratio  in  the  reducing  effect  of  successive  additions 
of  water.  The  ratio  at  first  increases,  then  rapidly  decreases,  and 
attains  a  kind  of  uniformity,  which,  however,  seems  to  show 
another  but  very  slight  rise  and  fall. 
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The   irregularity  of  these  results  rather  militates   against  the 
idea  of  water  acting  on  salts  in  the  same  way  as  a  hydracid. 

A  still  stronger  argument  against  this  hypothesis  was  found 
on  a  comparison  of  the  rays  absorbed  by  dilute  and  strong  solutions 
of  those  salts  that  vary  in  the  character  of  their  colour  according 
to  the   amount  of  water.     It  invariably  happens  that  the  dilute 
solutions,  while  they  transmit  every  ray  that  was  transmitted  by 
a  strong  solution  of  the  same  salt,  transmit  also  some  that  were 
absorbed  by  it.     To  take  a  particular  instance,  blue  sulphocyanide 
of  cobalt   absorbs  at   once  those  rays  of  the  prismatic  spectrum 
which  lie  about  the  fixed  line  D ;  the  red  sulphocyanide  transmits 
them  perfectly :  hence  it  may  be  concluded  that  after  a  certain 
dilution   no    more    blue    sulphocyanide    is    left,    a    conclusion    at 
variance  with  the    supposition   tliat    HO  acting  on  CoCsy  (blue 
salt)  produces  CoO,HCsy  (red  salt) +  HO  +  CoCsy,  the  amount  of 
the  last  substance  diminishing  as  the  water  increases,  but  never 
entirely    disappearing.     The   nature  of  the    absorption    indicates 
rather  that  the  strong  solution   contains    the    compounds  present 
in  the   dilute   solution  phm  some   other;    and    a   close    prismatic 
examination  of  the  'haloid'  salts  that  change  colour  has  furnished 
me  with  a  remarkable  confirmation  of  this  view.     It  is  founded 
on  the  fact  deduced  by  a  priori  reasoning  in  my  paper  on  the  use 
of  the  prism,*  and  demonstrated  in  a  more  recent  papcr,t  that 
"  when  two   bodies  combine,    each    of  which    exerts    a   difierent 
influence   on  the   rays  of  the  spectrum,  the  one  constituent  will 
absorb  certain  rays,   and  the  other  certain  other  rays,  and  the 
dissolved  salt  itself  will  transmit  only  those   rays  which  are  not 
absorbed  by  either,  or  in  other  words,  only  those  which  are  trans- 
mitted by  both."     Now  strong  solutions  of  ferric  chloride,  chloride 
and  bromide  of  copper,  chloride  and  iodide  of  nickel  and  of  cobalt, 
exhibit  not  only  the  absorption  due  to  the  respective  metals,  but 
another  absorption  which  can  be  identified  with  that  produced  by 
the  halogens  themselves  when  simply  dissolved  in  water;    while, 
when  these  solutions  are  diluted,  they  cease  to  produce  this  second 
absorption,   and  give  precisely  the  same  prismatic  image  as  any 
compound    of  the    same    base    with    a   colourless    acid.     This  is 
explained  in  detail  with  figures  in  the  paper  already  referred  to.f 
It  is  certainly  a  suggestive  fact,  and  shows,  I  think,  most  clearly, 
that  there  is  some  difference  of  arrangement  among  the  elements 
of  the  dissolved  salt  and  the  water,  according  to  their  proportional 
•  Quart,.  Journ.  Chem.  Soc.  April,  1857.  +  Phil.  Mag.  Dec.  1857. 
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amount,  and  the  degree  of  temperature;  but  what  is  that  diffe- 
rence? The  peculiar  absorbent  power  exerted  by  bromine  shows 
itself  in  the  green  solution  of  bromide  of  copper,  but  there  is 
certainly  no  free  bromine  present,  and  it  will  hardly  avail  us  to 
suppose  that  such  a  solution  contains  the  true  CuBr,  and  that 
the  change  of  colour  on  dilution  arises  from  the  formation  of  a 
compound  of  oxide  of  copper  with  the  colourless  hydrobromic 
acid ;  for  there  would  still  remain  the  question — why  should 
bromine  affect  the  light  when  in  combination  with  copper,  while 
it  does  not  do  so  when  combined  with  hydrogen,  or  potassium,  or 
indeed  any  other  metal  beyond  this  particular  group  aud  the 
congeners  of  gold?  Besides  anhydrous  bromide  of  copper,  which 
certainly  has  the  greatest  claim  to  be  considered  CuBr,  is  not 
green  but  black. 

DOUBLE    SALTS. 

The  action  of  water  on  double  salts  is  a  still  more  complicated 
problem,  for  beside  all  the  questions  that  arise  in  respect  to  simple 
salts,  there  is  the  additional  inquiry — whether  water  separates  the 
two  constituents  of  which  the  double  salt  is  composed.  This  latter 
question,  however,  is  more  capable  of  decision  than  some  previously 
discussed. 

That  a  double  salt  is  not  always  resolved  into  the  two  simple 
salts  which  we  suppose  constitute  it,  requires  no  elaborate  proof. 
The  iodide  of  platinum  and  potassium  dissolves  easily  in  water, 
though  the  iodide  of  platinum  itself  is  insoluble ;  while,  on  the 
other  hand,  the  potassio-chloride  is  sparingly  soluble,  tliough  each 
of  the  chlorides  supposed  to  be  contained  in  it  dissolves  readily  in 
water. 

It  is  very  conceivable,  however,  that  in  some  cases  a  partial 
decomposition  may  take  place ;  indeed  some  of  Professor  Graham's 
experiments  seem  to  indicate  this.  He  states,*  that  when  alum, 
or  bisulphate  of  potash,  is  diffused,  one  of  the  constituents  passes 
out  of  the  cell  in  greater  quantity  than  the  other.  Now  if  these 
double  salts  are  partially  decomposed  by  the  water,  this  is  precisely 
what  might  be  anticipated ;  and  there  is  nothing  else  than  water 
present  to  decompose  them. 

Should  water  exert  such  an  action,  it  might  be  expected  that 
the  action  would  be  increased  by  the  addition  of  more  water. 
*  Phil.  Trans.,  1850,  p.  19. 
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There  are  cases  in  which  water,  when  added  in  above  a  certain 
amount,  does  decompose  a  double  salt.  Thus  colourless  crystals 
of  the  iodide  of  mercury  and  potassium  will  dissolve  in  a  little 
water,  but  the  addition  of  a  larger  quantity  causes  the  separation 
of  the  insoluble  yellow  iodide  of  mercury ;  and  water  added  to  a 
saturated  aqueous  solution  of  sulphocyanide  of  silver  and  potassium 
gives  a  curdy  precipitate  of  sulphocyanide  of  silver.*  In  each  case 
the  more  water  is  added  the  more  complete  the  decomposition. 

As  double  salts  in  a  crystallized  condition  sometimes  differ 
considerably  in  colour  or  shade  from  the  simple  salt  of  that  base 
to  which  the  colour  is  due,  it  was  thought  that  if  an  increasing 
decomposition  by  water  took  place,  it  would  make  itself  visible  by 
a  change  of  colour  or  shade  when  a  strong  solution  was  diluted  in 
the  isoscope.  It  was  found,  however,  that  the  solution  of  a  double 
salt  containing  a  coloured  constituent,  has,  generally  speaking, 
precisely  the  colour  and  shade  of  that  constituent ;  thus  200  grms., 
or  one  equivalent,  of  crystallized  sulphate  of  copper  and  ammonia, 
gives  precisely  the  same  chromatic  appearance  when  dissolved  in 
water  as  125  grms.,  or  one  equivalent,  of  crystallized  sulphate  of 
copper.  Thus  it  was  impossible  to  derive  any  information  from 
the  fact,  that  a  solution  of  that  salt,  or  the  corresponding  jjotash 
salt,  or  potash  chrome  alum,  or  the  sulphate  of  nickel  and  potash, 
did  not  change  in  colour  when  diluted.  The  double  chloride  of 
platinum  and  potassium,  the  double  iodide  of  the  same,  the 
analogous  gold  salt,  and  the  hydrochlorate  of  chloride  of  gold,  are 
also  unaffected  in  colour  by  the  further  addition  of  water.  AVhat 
is  more  to  the  point  is  this — that  the  red  bichromate  of  potash 
does  not  pale  in  colour  on  dilution,  or  become  more  yellow,  as 
would  be  the  case  were  more  of  the  free  acid  and  the  neutral 
potash  salt  formed;  and  the  bicomenamate  of  iron,  which  is  red, 
remains  unchanged,  although  the  neutral  salt  is  purple,  and  the 
comenamic  acid  itself  colourless. 

On  the  other  hand,  instances  are  not  wanting  of  double  salts, 
the  solutions  of  which  change  colour  on  dilution.  Thus,  the  com- 
pounds of  chloride  of  copper  with  chloride  of  sodium,  chloride  of 
ammonium,  chloride  of  platinum,  or  hydrochloric  acid,  though 
green  when  dissolved  in  the  minimum  of  water,  become  blue  on 
dilution,  just  as  chloride  of  copper  itself  does;  but  they  require  a 
larger  amount  of  water  to  produce  the  change  than  is  requisite  in 
the  case  of  the  simple  salt.  Red  potassio-chromic  oxalate  varies 
*  Described  by  Gossman,  Ann.  Pharm.  Oct.  1856. 
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in  intensity  of  colour  by  dilution,  becoming  sometimes  paler,  and 
at  other  times  darker.  The  strong  solution  of  white  iron  alum 
becomes  redder  on  dilution,  and  Rose*  has  shown  this  to  be  due 
to  the  formation  of  a  slightly  soluble  basic  salt. 

If  a  double  salt  be  resolved  on  solution  more  or  less  into  its 
simple  salts,  each  of  these  will  assuredly  obey  the  law  of  reciprocal 
decomposition  with  any  other  salt  that  may  be  present.  Tliat 
this  reciprocal  action  does  take  place  between  an  ordinary  and  a 
double  salt  is  beyond  question;  but  that  the  elements  of  the  latter 
have  separated  to  produce  it,  is  not  so  easily  ascertained.  One 
form  of  the  experiment,  however,  occurred  to  me  that  seemed 
to  be  of  a  somewhat  crucial  character.  Acetate  of  copper 
is  of  a  much  deeper  blue  than  an  equivalent  amount  of  the 
sulphate,  and  this  last,  as  stated  above,  is  identical  in  colour  with 
the  double  potash  salt.  If  on  mixing  the  sulphate  of  copper  and 
potash  with  the  acetate,  the  double  salt  should  preserve  its  inte- 
grity, it  is  not  very  easy  to  conceive  of  a  reciprocal  decomposition, 
for  the  acetate  itself  is  strictly  monobasic,  but  if  the  double  salt 
should  separate  to  any  extent,  the  free  sulphate  of  potash  will 
certainly  suffer  reciprocal  decomposition  with  the  acetate  of  copper, 
and  as  a  portion  of  the  copper  will  then  be  combined  with  sul- 
phuric acid,  a  reduction  of  the  colour  will  ensue.  Accordingly, 
two  equal  portions  of  acetate  of  copper  solution  were  mixed  in  the 
isoscope,  the  first  with  an  equivalent  of  sulphate  of  copper,  the 
second  with  an  equivalent  of  double  sulphate  of  copper  and  potash. 
The  second  mixture  appeared  somewhat  lighter  in  shade  than  the 
first,  and  on  the  addition  of  three  equivalents  to  each,  the  second 
became  of  a  distinctly  purer  and  paler  blue.  A  similar  experiment 
was  made  with  the  intensely  scarlet  bromide,  and  the  pale  yellow 
hydrochlorate  of  the  chloride  of  gold.  The  addition  of  the  latter 
compound  reduced  the  colour  of  the  bromide,  though  of  course  the 
mixtm-e  contained  a  larger  amount  of  gold  than  the  scarlet  solution. 
It  may  be  objected  to  this  reaction  that  there  probably  exists  a 
hydrobromate  of  the  bromide  of  gold  analogous  to  the  chlorine 
compound ;  but  that  will  not  account  for  the  reduction  of  colour, 
since  the  addition  of  hydrobromic  acid  to  the  neutral  bromide  does 
not  render  the  solution  paler. 

In  respect,  then,  to  double  salts  it  may  be  concluded  that  some 
are  resolved  by  water  more  or  less  into  two  distinct  salts,  while 

*  Pogg.  Ann.  Ixxxiii,  132. 
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others  preserve  their  integrity  in  solution ;  but  what  determines 
this  difference  does  not  yet  appear. 

In  respect  to  the  general  question  of  the  chemical  action  of 
water  on  a  soluble  salt,  I  feel  that  no  satisfactory  conclusion  has 
yet  been  arrived  at ;  the  idea  that  a  reciprocal  decomposition  takes 
place  between  the  two  compounds  has  received  no  confirmation 
from  my  inquiry,  unless  in  exceptional  cases.  The  results  rather 
railitate  in  my  opinion  against  that  supposition,  and  tend  to  con- 
vince me  more  and  more  that  the  actual  state  of  a  dissolved  salt 
is  beyond  the  expression  of  any  of  our  formulae. 
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January  21stj  1858. 
Dr.  Lyon  Play  fair,  C.B.,  President,  in  the  Chair. 

The  following  Gentlemen  were  elected  Fellows  of  the  Society : — 

Arthur  Nield,  Esq.,  Bowdon,  near  Manchester. 
Richard    Rumney,    Esq.,    Ardwick    Chemical    Works,  Man- 
chester. 
Daniel  H anbury,  Esq.,  Plough -coiu't,  Lombard-street. 

Dr.  Daubeny  read  and  commented  upon  a  communication  he 
had  received  from  Baron  Liebig,  relating  to  some  experiments  he 
had  made  on  the  absorptive  power  of  soils,  in  continuation  of 
Professor  Way's  experiments. 

Dr.  Daubeny  also  brought  under  the  consideration  of  the 
Society,  the  experiments  of  Wohler  and  Deville  on  the  direct 
formation  of  nitride  of  titanium  by  the  ignition  of  metallic  titanium 
in  air  or  nitrogen,  and  suggested  that  the  source  of  volcanic 
ammonia  might  be  a  nitride  of  a  similar  description,  that  of  boron 
for  instance,  which  by  the  action  of  steam  would  be  resolved  into 
boracic  acid  and  ammonia. 

Dr.  Hofmann  exhibited  and  described  an  improved  form  of 
gas-combustion  furnace  which  he  had  recently  had  constructed ;  in 
this  furnace,  the  gas  is  burnt  from  numerous  small  openings  in 
clay  cylinders,  which  thereby  become  red  hot,  so  that,  as  in  the 
original  charcoal  furnace,  the  combustion  tube  is  surrounded  by 
ignited  solid,  and  the  supply  of  oxygen  or  air  from  gasometers  is 
rendered  unnecessary. 

Dr.  Frankland  also  exhibited  a  combustion  furnace  which  had 
been  arranged  by  Professor  Von  Babo.     In  this  furnace  the  gas 
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was  burnt  in  a  series  of  modified  Bun  sen's  biu'ners;  the  combus- 
tion tube  was  surrounded  by  ignited  solid,  and  the  stopcocks  were 
replaced  by  keys  resembling  those  of  a  musical  instrument. 

A  paper  was  read  : — 

"  On  the  chemical  action  of  Water  on  soluble  Salts  /'  by  Dr» 
Gladstone. 


Februaiy  4,  1858. 
Dr.  Lyon  Playfair,  C.B.,  President,  in  the  Chair. 

The  following  donations  were  announced : — 

"The  Journal  of  the  Geological  Society:"  from  the  Society. 
"  Proceedings  of  the  Liverpool  Literaiy  and  Scientific  Society  :" 

from  the  Society. 
"  The  Pharmaceutical  Joiirnal :"  from  the  Editor. 
"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

The  following  were  elected  Fellows  of  the  Society : — 

F.  A.  Manning,  Esq.,  54,  Archer-street,  Paddingtou. 
P.  J.  Worsley,  Esq.,  4,  Taviton-street,  Gordon-square. 
W.  F.  Squire,  Ph.D.,  277,  Oxford-street. 

J.  F.  Watson,   M.A.,  M.D.,   54,  Archer-street,   Kensington- 
park,  W. 

Dr.  Hofmann,  described  some  experiments  in  which  he  had 
been  recently  engaged  upon  poly-atomic  ammonias. 


February  18,  1858. 
Dr.  Lyon  Playfair,  C.B.,  President,  in  the  Chair. 

The  following  were  elected  Fellows  of  the  Society : — 

T.  H.  Henry,  Esq.,  44,  Lincoln's-inn-fields. 

J.  Augustus  Matthiessen,  Ph.D.,  1,  Torrington-street. 

A  paper  was  read : — 

"On  the  lodo-sulphates  of  the  Cinchona  Alkaloids;"  by  Dr. 
W.  Bird  Herapath. 
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March  4,  1858. 
Dr.  Lyon  Playfair,  C.B.,  President,  in  the  Chair. 

The  following  were  elected  Fellows  of  the  Society : — 

Sir  Robert  Kane,  F.R.S.,  Dublin. 

J.  T.  Hob  son,  Esq.,  Ph.D.,  34,  Cleveland-square,  Hyde-park. 

W.  Thornwaite,  Esq.,  123,  Regent-street. 

The  meeting  was  then  adjourned  to  enable  the  Members  to 
attend  the  Bakerian  Lecture  at  the  Royal  Society. 


March  18,  1858. 
Dr.  Lyon  Playfair,  C.B.,  President,  in  the  Chair. 

The  following  donations  were  announced : — 

"Catalogue  of  the  Antiquities  in  the  Museum  of  the  Royal  Irish 

Academy." 
"  Recherches  sur  la  diffusion  du  Fluor  :  par  M.  J.  JSickles." 
"  Transactions  of  the  Royal  Scottish  Society  of  Arts." 
"  Kritische  Zeitschrift  fur  Chemie,  Physik,  und  Mathematik." 

The  following  were  elected  Fellows  of  the  Society: — 

John   Purdue    Bidlake,    B.A.,    9,    Upper   Barnsbury-street, 

Islington. 
Edward  Dalziell,  M.D.,  F.R.S.E.,  Edinburgh, 
Alexander  Goaler,  B.A.,  The  College,  Hurstpierpoint,  Sussex. 
Thomas  Hyde  Hills,  Esq.,  338,  Oxford-street. 
Henry    Wollaston    Hutton,    B.A.,    Spordlington,    Market 

Raisen,  Lincolnshire. 
David  Oldfield,  Esq.,  Boscombe  Lodge,  Finchley-road. 

The  following  papers  were  read: — 

"  On  the  action  of  Bromine  on  Acetic  Acid:"  by  Messrs.  Perkin 

and  Duppa. 
"On    a    Poison   obtained     from    Arrows-"    by    Mr.    Henry 

Hancock. 


NOTICES 

OP 

PAPERS  CONTAINED  IN  OTHER  JOURNALS. 


Extract  of  a  Letter  from  Baron  Liebig  to  Dr.  Daubeny,  dated 
December  25,  1857.* 

"  I  HAVE  piiblislied  a  series  of  experiments  on  some  properties  of 
soils,  by  wliicli  I  think  I  have  completed  the  researches  instituted 
by  Professor  Way,  respecting  their  capacity  for  absorbing  the 
soluble  constituents  of  manures. 

''  My  experiments  were  limited,  to  those  constituents  which  are 
presented  to  plants  from  natural  sources,  and  to  the  conditions 
necessary  for  rendering  them  soluble  and  absorbable  by  the  roots. 

"  I  was  a  little  astonished  to  find,  that  the  cause  of  this  sohibility 
did  not  appear  to  be  traceable  to  circumstances  attributable  to  the 
plant  itself,  but  that  something  inherent  in  its  own  organization 
must  co-operate  with  the  actual  conditions  in  which  it  was  placed, 
in  order  to  enable  it  to  extract  its  food  from  the  ground. 

"  The  potassa  belonging  to  silicate  of  potassa  is  absorbed  by  all 
kinds  of  soil,  bvit  not  so  the  silicic  acid  accompanying  it.  If  a 
solution  of  silicate  of  potassa  be  brought  into  contact  with  soils  rich 
in  organic  matters,  the  potassa  is  absorbed,  but  the  silica  remains 
in  the  solution. 

"  From  a  solution  of  phosphate  of  lime,  or  of  phosphate  of  mag- 
nesia, in  Avater  saturated  Avith  carbonic  acid,  soils  absorb  the 
phosplioric  acid,  whilst  they  allow  the  lime  still  to  remain  in  the 
solution. 

"Thus  the  inference  deducible from  my  experiments  is,  that  land 
plants  do  not  receive  their  food  from  a  solution  of  the  ingredients 
already  present  in  the  soil,  but  that  they  abstract  or  absorb  it 
directly  from  the  soil  itself,  through  the  joint  agency  of  water 
and  of  a  force  inherent  in  their  roots. 

"  Sometimes  we  find  stones  in  meadows  covered  over  with  striae, 
exhibiting  a  kind  of  network,  which  is  produced  by  the  corrosive 
action  of  the  roots  of  plants  in  contact  with  them. 

"  It  has  hitherto  been  assumed  that  a  plant  possessed  a  decom- 
posing power  as  Avellas  a  secreting  one.  Thus,  when  the  potassa  of 
sulphate  of  potassa,  or  the  potassium  of  the  chloride,  became  associ- 
ated with  the  vegetable  organization,  we  supposed  that  the  salt 
had  been  decomposed  within  the  plant,  and  the  sulphuric  acid  or 
chlorine  eliminated  by  it.     This  power  does  not  exist.     The  salts 

•  Communicated  by  Dr.  Daubeny.  --« 
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in  question  are  decomposed  by  the  soil,  and  the  plants  all  receive 
their  food  from  elements  in  the  same  state  of  combination. 

"  The  experiments  of  W  ay  constitute  the  foundation  of  a  new 
theory  of  vegetable  nutrition. 

"  I  moreover  find  that  plants  living  in  fresh  water  receive  their 
food  in  the  very  same  way  as  those  which  are  marine.  I  examined 
the  lemna  trisulca,  which  grows  on  the  surface  of  stagnant  water, 
a  plant  containing  166  per  cent,  of  inorganic  matter.  I  compared 
the  analysis  of  its  ash  with  that  of  the  water  in  which  the  plant 
had  grown,  from  which  it  appeared  that  the  plant  and  the  water 
contain  the  same  constituents,  but  in  very  different  proportions ; 
thus,  the  ashes  of  the  plant  contained  in  100  parts  16'82  of  lime, 
whilst  the  salts  present  in  the  water  in  100  parts,  contained  35*00. 
Again  the  ashes  contain  .  .  5  of  magnesia 
the  salts  in  the  water  .   12  „ 

the  ashes  ....  13ofpotassa 
the  salts  in  the  water  about  4  „ 
"Just  then"  (as  I  interpret  Baron  Liebig's  meaning)  "as  algae 
absorb  from  sea- water  the  small  quantities  of  iodine  and  of  potassa 
present  in  it,  without  regard  to  their  amount  as  compared  with 
other  constituents,  so  the  lemna  appears  to  do  the  same  with 
respect  to  the  constituents  above  cited,  a  power  of  selection  residing 
in  the  roots  being  in  both  instances  evinced, 

"There  is  perhaps,"  continues  Baron  Liebig,  "  no  mineral  spring 
in  the  world  which  contains  the  amount  of  soluble  salts  present  in 
stagnant  waters.  Compare,  for  instance,  with  a  mineral  spring, 
the  water  of  the  River  Thames,  that  of  the  springs  analysed  by 
Hofmann,  M oiler,  and  Graham,  and  that  of  the  water  (drain 
water)  examined  by  Way,  which  had  drained  through  soil.  Thus, 
Thames  water  contains  from  1'3  to  7*3  per-centage  of  potassa, 
according  to  the  spot  from  whence  it  is  taken,  being  richest  in 
potassa  where  it  had  received  the  largest  amount  of  animal  matter, 
as  at  Lambeth.  In  well-water  the  potassa  it  varies  from  0'7  to  6"0 
per  cent.,  whilst  not  more  than  a  trace  is  found  in  water  which 
has  drained  through  soil. 

"  Owing  to  the  eremacausis  and  decay  of  the  many  generations 
of  plants  which  have  existed  in  stagnant  waters,  their  organic 
matter  is  resolved  into  compounds  of  oxygen  (becomes  oxygen- 
ated), and  their  inorganic  constituents  remain  dissolved  in  the 
water  itself,  thus  rendering  it  rich  in  substances  which  are  never 
found  in  equal  proportions  in  the  water  of  springs  and  rivers." 

Such  is  the  substance  of  Liebig's  letter  to  me,  with  only 
such  alterations  as  I  have  thought  proper  to  make  in  it,  in 
order  to  render  his  meaning  more  intelligible,  although  in  general 
the  Baron's  English  style  is  so  good  as  to  require  but  little 
correction.      In  the   German  paper  he  has  likewise    sent  me,  a 
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reprint,  as  I  imagine,  of  an  article  of  his,  inserted  in  the  Allgemeine 
Zeitung,  more  details  are  given,  and  some  facts  added,  in  corrobo- 
ration of  the  views  which  I  have  brought  before  you. 

The  experiments  cited  need  not,  perhaps,  detain  us,  as  they  do 
little  more  than  confirm  the  conclusions  arrived  at  by  Professor 
Way,  with  which  we  are  already  familiar.  It  does  not  appear, 
however,  whether  he  adopts  the  view  at  present  taken  by  Mr.  Way, 
namely,  that  the  retention  of  the  alkaline  ingredients  by  the  soil 
is  connected  with  an  interchange  of  elements,  the  salts  of  lime,  for 
instance,  being  carried  down  with  the  acid,  whilst  potassa  unites 
with  the  carbonic  acid  set  at  liberty.  Be  that,  however,  as  it  may, 
the  inference  Avhich  Liebig  draws  remains  unaffected;  for  it  is 
evident  that,  granting  this  to  be  the  fact,  an  affinity  must  be 
exerted  by  the  soil  for  the  newly-formed  salt,  in  order  to  prevent  its 
being  carried  away  by  the  water  which  percolates  through  it,  and 
being  present  in  the  drainage.  Now  what  is  this  affinity?  Liebig 
compares  it  to  that  which  enables  charcoal  to  retain  the  colounng 
matter  of  liquids  within  its  pores,  or  that  which  causes  starch  to 
unite  with  iodine ;  but  in  any  case,  something  more  than  the  action 
of  water  is  necessary  to  overcome  it,  or  the  new  salts  could  not 
remain  in  the  fallow  for  any  time  after  they  had  been  formed. 
This  assisting  force  Liebig  considers  to  reside  in  the  roots,  and 
there  are  certainly  many  facts  which  tend  to  show,  that  these 
organs  operate,  not  merely  passively,  by  imbibing  any  liquid  that 
happens  to  present  itself  to  them,  but  that  they  possess  an  active, 
and,  as  it  were,  a  vital  energy,  in  absorbing  some  substances,  and 
in  eliminating  others. 

This,  indeed,  is  precisely  the  same  conclusion  which  I  had 
myself  arrived  at,  so  long  ago  as  the  year  1833,  from  experiments 
in  which  plants  were  watered  with  salts  of  strontia,  without 
absorbing  any  appreciable  quantity  of  that  earth;  as  will  be  seen 
by  my  Paper  "  On  the  Degree  of  Solution  exercised  by  Plants  with 
regard  to  the  Earthy  Constituents  presented  to  their  Absorbing 
Surfaces,"  which  was  published  in  the  Transactions  of  the  Linnsean 
Society  for  that  year. 

We  may  also  thus  explain,  why  plants  may  be  watered,  as  has 
been  done  by  myself,  with  weak  solutions  of  arsenic,  without 
being  themselves  affected,  or  contracting  therefrom  any  poisonous 
property ;  nor  is  this  inconsistent  with  the  fact,  that  certain  poi- 
sonous solutions,  such  as  the  salts  of  copper  or  iron,  do  find 
admittance  into  the  tissue  of  plants,  because  in  these  instances  the 
vitality  of  the  roots  is  in  the  first  instance  destroyed,  and  thus  the 
imbibition  of  the  poison  takes  place,  as  would  occur  even  in 
dead  matter,  by  endosmose  and  by  capillary  attraction. 

It  is  at  least  certain,  that  the  water,  which  trickles  through  a 
bed  of  soil,  contains  far  too  small  a  proportion  of  the  ingredients 
which  the  crop  contains,  to  be  regarded  as  the  source  from  whence 
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the  latter  can  obtain  them,  as  Baron  Liebig  has  shown  by  a  very 
simple  calculation  ;  and  hence  we  are  driven  to  attribute  them  to 
the  constituents  which  Professor  Way's  researches  have  shown  to 
be  separated  by^  and  combined  with,  the  soil.  Now,  as  the  latter 
will  not  impart  them  to  water  alone,  except  in  very  small  quan- 
tities, it  is  at  least  evident,  that  some  power  must  reside  in  the 
roots,  which  can  assist  in  overcoming  the  chemical  affinity  between 
the  soil  and  the  inorganic  matters  which  the  plant  assimilates. 
Such,  at  least,  appears  to  be  the  conclusion  to  which  Baron  Liebig 
has  arrived,  and  as  no  notice  seems  to  have  been  yet  taken  of 
his  researches  in  any  English  Periodical,  I  trust  I  shall  be  par- 
doned, both  by  him  and  by  the  Society,  in  thus  bringing  forward 
the  substance  of  a  private  letter,  in  which  a  short  abstract  of  them 
is  contained. 


Researches  on  the  Phosphorus-Bases. 
By  Augustus   William   Hofmanu   and  Augustus   Cahours. 

Abstracted  from  a  Paper  read  before  the  Royal  Society,  June  18.  1858. 

In  a  note  on  the  action  of  chloride  of  methyl  upon  phosphide 
of  calcium,  communicated  more  than  ten  years  ago  to  the  Institute 
of  France,*  M.  Paul  Thenard  pointed  out  the  existence  of  a 
series  of  bodies  which  correspond  to  the  compounds  of  phosphorus 
with  hydrogen,  which  may,  in  fact,  be  viewed  as  hydrides  of  phos- 
phorus, the  hydrogen  of  which  is  replaced  by  an  equivalent 
quantity  of  methyl. 

One  of  these  bodies,  a  liquid  possessing  a  most  offensive  odour, 
spontaneously  inflammable  and  explosive  in  the  highest  degree, 
corresponds  to  the  liquid  phosphorctted  hydrogen,  and  api:)ears  to 
occupy,  in  the  phosphorus-series,  the  same  position  which  belongs 
to  kakodyl  among  the  arsenic-compounds.  It  is  a  colovirless, 
somewhat  viscid  liquid  which  boils  at  about  250°  C.  Exposed  to 
the  slow  action  of  the  atmosphere,  this  liquid  is  converted  into  a 
compound  which  is  strongly  acid  and  easily  crystallizes.  This  acid 
is  probably  analogous  to  kakodylic  acid. 

In  addition  to  this  liquid  body,  two  solid  substances  are  formed 
by  the  action  of  chloride  of  methyl  upon  phospliide  of  calcium. 
Oue  of  these,  according  to  M.  Paul  Thenard,  corresponds  to  the 
solid  phosphorctted  hydrogen,  whilst  the  other,  which  is  the  prin- 
cipal product  of  the  reaction,  constitutes  the  hydrochlorate  of  a 
very  volatile  phosphorctted  base.  From  its  composition,  this  body 
may  be  viewed  as  ammonia,  in  which  the  nitrogen  is  replaced  by 

*  Comptes  Rendus,  t.  xxi.  p.  114,  and  t.  xxv.  p.  892. 
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phosphorus,  whilst  methyl  is  substituted  for  the  hydrogen.  When 
repeating  these  experiments  in  the  ethyl-series,  Paul  The nard 
arrived  at  similar  results,  to  which  he  however  only  briefly  alludes. 

At  the  time  when  these  experiments  \vere  first  made,  the  ammo- 
nia-bases had  not  been  discovered,  and  the  subject  presented 
obstacles  so  numerous  and  varied,  that  the  researches  of  this 
chemist  remained  unfinished.  Nobody  will  be  surprised  at  this, 
who  has  made  himself  acquainted  with  the  difficulty  of  effecting 
the  above-mentioned  reactions,  and  who,  from  his  own  experience 
knows  the  danger  which  attends  the  preparation  of  these  com- 
pounds, and  the  horrible  odour  which  some  of  them  possess. 

Paul  Thenard's  remarkable  researches  did  not  excite,  at  the 
time  of  their  publication,  that  degree  of  interest  which  they 
really  deserved.  There  were  but  few  facts  known,  at  that  period, 
with  which  his  results  could  naturally  be  connected  ;  indeed,  until 
after  the  ammonia-bases  were  discovered,  the  importance  of  the 
experiments  on  these  phosphorus-bodies  could  scarcely  be  recog- 
nized ;  then  it  was  that  M.  Paul  Thenard's  investigations 
attracted  that  attention  to  which  they  were  entitled ;  then  it  was 
that  the  remarkable  parallelism  of  the  compounds  of  phosphorus  and 
nitrogen,  more  and  more  distinctly  exhibited  by  these  discoveries, 
began  to  become  an  object  of  general  interest  to  chemists. 

It  is  now  many  years  since  M.  Paul  Thenard  abandoned  the 
study  of  the  phosphorus-compounds,  for  the  first  knowledge  of 
which  we  are  indebted  to  him.  The  unfinished  state  in  which 
these  researches  remained,  and  the  rich  and  abundant  harvest 
collected  since  that  period  in  all  the  neighbouring  fields  of  science, 
necessitated  a  revision  of  the  subject.  The  discovery  of  methyla- 
mine,  dimethylamine,  and  trimethylamine,  and  of  the  correspond- 
ing terms  in  the  ethyl-  and  amyl-series,  had  shown  that  the  hydro- 
gen in  ammonia  may  be  replaced  by  binary  molecules,  such  as 
methyl,  ethyl,  aniyl  and  phenyl,  the  newly-formed  compounds 
retaining  the  basic  character  of  the  original  ammonia-molecule; 
whilst  the  production  of  triethylstibine  and  triethylarsine  had 
furnished  the  proof  that  the  total  replacement  of  the  hydrogen  in 
the  indifferent  antimonietted  and  arsenietted  hydrogen  exalts  the 
chemical  character  of  these  compounds  in  a  most  remarkable  man- 
ner, the  methylated  and  ethylated  bodies  exhibiting  basic  charac- 
ters scarcely  inferior  to  those  of  ammonia  itself.  It  remained, 
therefore,  to  be  investigated,  whether  phosphorus,  which,  by  its 
chemical  tendencies,  stands  between  nitrogen  and  arsenic,  Avould 
exhibit  a  similar  deportment.  It  remained  to  be  ascertained  in 
what  manner  the  gradual  entrance  of  binary  molecules  in  the 
place  of  the  hydrogen  in  phosphoretted  hydrogen  would  change 
the  character  of  the  original  compound.  The  discovery  of  the 
tetrethylated  ammonium-bases  had  also  opened  a  new  fie.d  of 
research,  in  which  the  corresponding  terms  of  the  antimony-  and 
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arsenic-series  were  rapidly  brouglit  to  liglit.  It  was  indeed  pos- 
sible to  predict  with  certainty,  that  an  appropriately  selected 
method  would  lead  to  the  production  of  the  analogous  derivatives 
of  phosphoretted  hydrogen.  The  time  for  resuming  the  study  of 
the  phosphorus-bases  had  in  fact  arrived. 

We  have  been  engaged  for  a  considerable  time  in  the  investi- 
gation of  this  subject,  and  now  beg  to  offer  to  the  Royal  Society 
in  the  following  pages  an  account  of  our  experiments. 

In  the  first  place,  we  have  endeavoured  to  obtain  the  bases 
corresponding  to  phosphoretted  hydrogen,  by  a  method  analogous 
to  that  followed  by  M.  Paul  Thenard. 

Recent  experience  suggested  at  once  the  replacement  of  the 
gaseous  chloride  of  methyl  by  the  liquid  iodide,  which  is  so  much 
more  convenient  for  experiment ;  and  also  the  substitution,  for 
the  phosphide  of  calcium,  of  the  compound  of  phosphorus  and 
sodium  obtained  by  the  direct  union  of  the  elements.  On  the 
application  of  heat,  these  siibstances  act  on  one  another  with  great 
energy,  producing  combustible  and  detonating  compounds,  so  that 
the  experiment  is  not  without  danger.  Often  the  product  of  the 
operation  is  lost ;  and  if  the  reaction  ha:3  taken  place  without 
explosion,  the  separation  of  the  constituents  of  the  very  com- 
plicated mixture  which  results  can  be  effected  only  with  the 
greatest  difficulty. 

We  have  convinced  ourselves  that  the  product  of  the  action  of 
iodide  of  methyl  upon  phosphide  of  sodium  consists  chiefly  of  three 
different  substances,  viz  ,  of  a  liquid  which  probably  is  MCg  P,  and 
corresponds  to  kakodyl ;  of  a  second  liquid,  Meg  P,  corresponding 
to  trimethylstibine  and  trimethylarsine  ;  and  lastly,  of  a  beautiful 
crystalline  solid  body,  Me^PI,  which  is  the  analogue  in  the  phos- 
phorus series  of  iodide  of  tetramethylammonium. 

We  abstain  from  a  minute  description  of  the  experiments  made 
in  this  direction,  since  in  the  further  course  of  the  inquiry  we  have 
forsaken  this  method  altogether.  Indeed  this  mode  of  preparation 
is  very  uncertain,  and  the  separation  of  the  products  formed  is 
attended  with  almost  insurmountable  obstacles,  not  to  speak  of  the 
difficulty  of  obtaining  pure  phosphide  of  sodium  fit  for  the  reaction. 
The  question  resolved  itself  into  the  discovery  of  a  method  which 
would  yield  us  the  desired  substances  conveniently,  without  danger, 
in  considerable  quantity,  and  in  a  state  of  absolute  purity. 

It  appeared  to  us  that  the  action  of  terchloride  of  phosphorus  on 
zinc-methyl,  zinc-ethyl,  &c.,  would  enable  us  to  attain  the  desired 
result.     Experiment  has  fvilly  confirmed  this  anticipation. 

Dr.  Frankland^s  remarkable  observations  on  the  action  of  zinc 
upon  iodide  of  methyl  and  iodide  of  ethyl  at  high  temperatures 
are  still  fresh  in  the  memory  of  chemists.  Besides  the  hydro- 
carbons methyl  and  ethyl,  zinc-methyl  and  zinc-ethyl  are  formed 
in  this  reaction,  which  exhibit  the  deportment  of  true  organic 
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metals,  comparable  in  the  intensity  of  tlieir  combining  powers 
with  the  most  electro-positive  elements.  In  the  action  of  a  chlo- 
ride upon  such  a  compound  metal,  the  chlorine  was  sure  to  seize 
upon  the  zinc,  and  it  was  extremelj'  probable  that,  together  with 
chloride  of  zinc,  methyl-  or  ethyl-compounds  would  be  formed  in 
definite  proportions.  In  the  action  of  terchloride  of  phosphorus, 
the  formation  of  a  methyl-  or  ethyl-compound  of-  phosphorus, 
corresponding  in  composition  to  the  terchloride  of  phosphorus, 
might  be  with  certainty  expected  : 

PCI3  -f-  3MeZn  =  3ZnCl  -f  Me^V. 

These  anticipations  were  in  fact  fulfilled.  The  products  of  these 
reactions,  the  bases  Me3  P  and  E3  P,  which  we  propose  to  call 
respectively  trimethylphosphine  and  triethylphosphine,  remain 
united  with  chloride  of  zinc,  and  simple  distillation  with  an  alkali 
is  all  that  is  necessary  to  liberate  them: 

3ZnCl,  Me3P  +  6K0  =  3KC1  -1-  3(K0,  ZuO)  -t-  PMe3 
3ZnCl,  E3    P  -H  6K0  =  3KC1  +  3(K0,  ZnO)  +  PE3. 

They  are  obtained  in  this  way  as  volatile  oils,  with  a  peculiar  and 
strongly-marked  odour,  and  possessing  distinct  basic  properties. 

We  found  no  difficulty  in  procuring  the  bodies  in  question  by 
this  method  in  a  state  of  perfect  purity,  so  as  to  examine  their 
properties  with  accuracy. 

From  the  outline  which  we  are  about  to  give,  it  will  be  obvious 
that  this  group  of  bodies  exhibits  the  most  striking  analogies  with 
the  ammonia-bases,  so  much  so,  in  fact,  that  frequently  it  will 
only  be  necessary  to  repeat  the  observations,  which  were  published 
by  one  of  us  about  eight  years  ago,  regarding  the  methylated  and 
ethylated  derivatives  of  ammonia."^ 

The  experiments  which  we  have  to  communicate  refer  chiefly  to 
the  methyl-  and  ethyl-compounds ;  though  here  and  there  we 
have  used  amyl  as  material.  Since  we  have  preferred  working  in  the 
ethyl-series,  we  begin  with  the  description  of  the  ethyl-compounds. 

Experiments  in  the  Ethyl-Series. 

Action  of  Terchloride  of  Phosphorus  on  Zinc-ethyl. 

The  reaction  between  these  two  bodies  is  very  violent,  and 
readily  gives  rise  to  dangerous  explosions,  if  the  necessary  precau- 
tions are  neglected.  We  have  generally  adopted  the  following 
arrangement.  A  tubulated  retort  is  joined  to  a  receiver  which  in 
its  turn  is  connected  with  a  wide  glass  tube  bent  at  an  angle  of 

•  Philosophical  Transactions,  1850,  p.  93  ;  1S51,  p.  357. 
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about  70°^  and  acts  like  a  second  receiver.  The  angle  of  this 
tube  is  filled  with  terchloride  of  phosphorus,  and  the  tube  is  con- 
nected with  a  large  cylinder  which  is  supplied  by  a  suitable  appa- 


a.  Apparatus  for  generating  carbonic  acid.  h.  Wash-bottle  containing  sulphuric 
acid.  c.  Reservoir  of  carbonic  acid.  d.  Bent  tube  containing  terchloride  of  phos- 
phorus, e.  Eeceiver.  /.  Retort  containing  zinc-ethyl,  (j.  Dropping  apparatus  filled 
with  terchloride  of  phosphorus. 

ratus  with  dry  carbonic  acid.  As  soon  as  the  carbonic  acid  has 
expelled  the  air  from  the  reservoir,  tube,  receiver,  and  retort,  an 
exit-tube  from  the  reservoir,  up  to  that  time  closed  by  a  caoutchouc 
cap,  is  opened  to  let  out  the  carbonic  acid,  the  evolution  of  which 
is  maintained  during  the  whole  operation.  The  tubulature  of  the 
retort  is  now  connected  Avith  the  copper  digester  in  which  the 
zinc-ethyl  has  been  prepared  ;  and  as  soon  as  the  retort  has  received 
a  charge  of  the  ethereal  solution  of  zinc-ethyl,  there  is  fixed  into 
the  same  tubidature  a  little  dropping  apparatus,  consisting  of  a 
glass  globe,  with  a  tubulature  and  stopper  at  the  top,  and  termi- 
nating below  in  a  glass  tube  in  which  a  stopcock  is  fitted.  This 
apparatus  is  filled  with  terchloride  of  phosphorus,  and  by  appro- 
priately adjusting  the  stopcock  and  opening  or  closing  the  stopper 
of  the  glass  globe,  any  desired  flow  of  the  fluid  can  be  maintained 
with  tlie  greatest  nicety. 

However  slowly  the  action  may  be  accomplished,  and  however 
well,  moreover,  the  retort  and  receiver  may  be  cooled  by  water  or 
ice,  the  action  is  nevertheless  invariably  so  violent,  that  all  the 
ether,  and  with  it  a  large  quantity  of  the  zinc-ethyl,  passes  over 
into  the  receiver.  By  the  powerful  ebullition  which  periodically 
ensues,  a  portion  of  the  vapour  is  driven  even  into  the  bent  tube> 
and  a  considerable  loss  of  zinc-ethyl  is  incurred,  unless  this  tube  be 
filled  with  terchloride  of  phosphorus,  which  greedily  absorbs  every 
trace  of  the  former  compound.  This  fluid  valve,  ascending  and 
descending  in  the  tube,  in  accordance  with  the  progress  of  the 
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reaction,  regulates  the  function  of  the  apparatus  so  perfectly,  that 
the  operation,  which  always  takes  several  hours,  when  once  begun 
continues  by  itself.  Sometimes  the  absorption  is  so  violent  that 
the  terchloride  of  phosphorus  in  the  tube  is  sucked  back  into  the 
receiver,  but  even  then  no  loss  is  to  be  feared,  since  the  tube  is 
connected  with  the  reservoir  filled  with  carbonic  acid. 

The  first  drops  of  terchloride  of  phosphorus  Avhich  fall  into  the 
solution  of  zinc-ethyl,  hiss  like  water  when  brought  in  contact  with 
red-hot  iron.  The  action  becomes  by-and-by  less  violent,  and  as 
soon  as  an  evolution  of  heat  is  no  longer  perceptible,  the  operation 
is  terminated.  There  remain  in  the  retort,  in  the  receiver,  in  the 
bent  tube,  and  sometimes  even  in  the  carbonic  acid  reservoir,  two 
liquid  layers, — the  one  a  heavy,  pale,  straw-coloured,  thick  fluid, 
the  other  a  transparent,  colourless,  mobile  fluid  floating  on  the 
former. 

The  heavy  fluid,  a  compound  of  the  phosphorus-base  with  chlo- 
ride of  zinc,  nearly  solidifies  on  cooling,  but  the  viscid  transparent 
mass  exhibits  no  trace  of  crystalline  structure.  The  light  fluid  is 
a  mixture  of  ether  with  an  excess  of  the  terchloride  of  phosphorus ; 
after  disconnecting  the  apparatus,  it  is  poured  ofl'  from  the  viscous 
fluid,  and  may  be  used,  after  distillation,  in  a  second  operation. 
Some  ether  and  terchloride  of  phosphorus  which  may  still  adhere 
are  expelled  by  gently  heating  the  retort  upon  a  sand  bath. 

In  order  to  liberate  the  phosphorus-base  from  its  combination 
with  zinc,  nothing  more  than  a  distillation  with  potassa  is  required. 
To  prevent  the  destruction  of  the  retort,  to  which  the  zinc-com- 
pound adheres  with  pertinacity,  and  the  loss  of  so  precious  a  mate- 
rial, this  operation  is  conveniently  performed  in  the  following 
manner.  Solid  hydrate  of  potassa  is  placed  on  the  hard  resinous 
cake  attached  to  the  bottom  of  the  retort,  and  a  slow  current  of 
water  allowed  to  flow  in  by  the  dropping  apparatus,  after  the  air  in 
the  retort  has  Ijeen  carefully  displaced  by  hydrogen :  the  heat 
evolved  during  the  reaction  is  quite  sufficient  to  volatilize  the  base 
with  the  vapour  of  the  water;  it  may  be  condensed  by  an  ordinary 
cooler.  The  base,  which  is  now  floating  on  the  water  of  the  distil- 
late, is  removed  by  means  of  a  separating  funnel ;  it  is  allowed  to 
stand  for  a  day  over  hydrate  of  potassa,  and  finally  rectified  m  a 
current  of  dry  hydrogen  gas. 

Triethylpliospliine. — Thus  obtained,  triethylphosphine  is  a  colour- 
less, transpnreut,  mobile,  liquid,  which  strongly  refracts  light.  The 
compound  is  lighter  than  water,  its  specific  gravity  being  found  to 
be  0*812  at  15°'5  C. ;  it  is  perfectly  insoluble  in  water,  but  soluble 
in  every  proportion  in  alcohol  and  ether.  Its  odour  is  penetrating, 
almost  benumbing,  but  still  not  disagreeable.  The  intolerable 
smell  which  renders  it  so  unpleasant  to  work  with  these  phospho- 
rus-compounds, generally  arises  from  other  products,  which  make 
their  appearance  in  considerable  quantities,  especially  in  preparing 
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the  phosphorus-base  by  means  of  phosphide  of  sodium  and  iodide 
of  ethyl.  In  a  diluted  state,  the  odour  of  the  pure  triethylphos- 
phine  has  the  greatest  similarity  to  that  of  the  hyacinth.*  Long- 
continued  working  with  this  substance  causes  headache  and 
sleeplessness. 

The  boiling-point  of  the  triethylphosphine  is  127°-5  C,  under  the 
barometric  pressure  of  0*744  m.  The  determination  was  made 
with  an  ounce  of  the  pure  substance.  The  distillation  of  the 
phosphorus-base  must  be  performed  in  a  stream  of  dry  hydrogen, 
for  it  attracts  oxygen  with  great  energy,  especially  at  high  tem- 
peratures. It  is  impossible  to  pour  the  liquid  from  one  vessel  into 
another  without  its  becoming  perceptibly  warm.  The  product  of 
oxidation  formed  in  this  way  becomes  evident  in  the  last  stage  of 
the  distillation.  When  the  larger  quantity  of  the  base  has  dis- 
tilled over,  the  mercury  in  the  thermometer  begins  suddenly  to 
rise,  and  before  the  temperature  has  become  again  stationary,  the 
neck  of  the  retort  is  found  to  be  coated  with  a  network  of  beautiful 
crystals,  which  are  even  drawn  over  into  the  receiver.  These 
crystals  are  permanent  as  long  as  they  are  protected  from  the 
action  of  the  moist  air.  After  disconnecting  the  apparatus,  it  is 
vain  to  attempt  to  collect  the  crystals,  the  most  minute  quantity 
of  water  causing  them  to  liquefy  to  a  heavy  oil,  soluble  in  Avater. 
From  these  remarks,  it  is  obvious  that  triethylphosphine  must  be 
almost  always  contaminated  with  a  small  quantity  of  this  sub- 
stance; in  fact  a  bottle  containing  the  base  cannot  be  opened 
without  its  being  formed.  When  the  phosphorus-base  is  brought 
in  contact  with  oxygen,  vapours  are  immediately  formed;  the 
liquid  frequently  becomes  so  hot  that  it  inflames,  and  the  body  is 
burnt  with  evolution  of  dense  white  fumes  of  phosphoric  acid.  If 
a  strip  of  paper,  moistened  with  triethylphosphine,  be  introduced 
into  a  test-tube  containing  oxygen  and  immersed  in  hot  water,  the 
vapour  of  the  phosphorus-base  produces  with  the  oxygen  an  explo- 
sive mixture,  which  detonates  after  a  few  moments  with  consider- 
able violence.  With  atmospheric  air  a  similar  detonating  mixture 
is  formed,  which  explodes  at  comparatively  low  temperatures.  To 
avoid  serious  accidents,  the  phosphorus-base  should  always  be  dis- 

*  There  is  nothing  new  in  the  fact  that  the  odour  of  a  substance  may  be  consider- 
ably changed  by  dilution.  Several  years  ago,  when  occupied  in  the  preparation  of 
different  ethers,  which  have  found  numerous  applications  in  perfumery,  I  had  frequent 
opportunities  of  observing  how  the  desired  aroma,  which  was  absent  in  the  pure  sub- 
stance, was  brought  out  by  dilution  with  alcohol.  The  hyacinth  smell  of  the  dilute 
phosphorus-base  is  so  characteristic,  that  one  morning  I  found  in  my  laboratory  a 
large  basket  filled  with  hyacinths,  the  present  of  a  lady  friend  of  mine,  who,  interested 
in  my  labours,  had  a  strong  impression  that  triethylphosphine  must  be  present  in  the 
hyacinth.  In  the  interest  of  science,  the  entire  floral  adornment  of  the  garden  had 
been  unmercifully  sacrificed  !  It  would  have  been  ungrateful  not  to  distil  them,  but 
I  regret  to  say,  that  the  anticipation  of  the  amiable  donor,  who  wished  to  enrich  me 
with  so  interesting  a  discoverj-,  proved  unfounded.  The  hyacinth  does  not  contain 
any  phosphorus-base. — A.  W.  H. 
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tilled  in  an  atmosphere  of  hydrogen.  When  poured  into  a  flask 
filled  with  chlorine  gas,  every  drop  of  triethylphosphine  is  inflamed 
with  disengagement  of  pentachloride  of  phosphorus  and  hydrochlo- 
ric acid,  and  separation  of  carbon.  The  phosphorus-base  unites 
Avitli  bromine  and  iodine,  evolving  considerable  heat,  which  may 
give  rise  to  inflammation ;  but  if  the  action  be  moderated,  crystal- 
line compounds  are  produced.  In  cyanogen  gas  the  phosphorus- 
base  is  converted  into  a  brown  resinous  mass.  If  a  piece  of  sul- 
phur be  thrown  into  a  test-tul)e  containing  triethylphosphine,  it 
becomes  so  hot  as  to  fuse  the  sulphur,  which  then  floats  on  the 
liquid  base  in  the  form  of  globules,  as  sodium  does  on  water,  and  at 
last  entirely  disappears.  The  clear  liquid  thus  obtained,  solidifies 
on  cooling  to  a  magnificent  crystalline  mass.  The  experiment 
must  be  made  with  caution,  since  the  vapour  of  the  phosphorus- 
compound,  which  rises  during  the  reaction,  generally  explodes  on 
coming  in  contact  with  the  air  contained  in  the  vessel.  Selenium 
gives  rise  to  similar  but  less  powerful  phenomena. 

Although  triethylphosphine,  in  its  relations  to  other  bodies, 
possesses  all  the  characters  of  a  well-defined  base,  it  does  not 
exhibit  an  alkaline  reaction.  When  freshly  prepared,  it  is  without 
action  on  vegetable  colours,  but  when  exposed  only  for  a  few 
moments  to  the  influence  of  the  air,  it  begins  to  show  a  con- 
stantly increasing  acid  reaction.  Triethylphosphine  unites  with 
acids  slowly,  but  with  considerable  evolution  of  heat ;  with  con- 
centrated acid  the  temperature  frequently  rises  to  such  a  degree 
as  to  give  rise  to  inflammation  of  the  liquid.  Most  of  its  salts  are 
crystalline  compounds,  but  are  very  soluble  and  deliquescent. 

The  composition  of  triethylphosphine*  is  represented  by  the 
formula 

E] 

eJ 

Triethylphosphine  forms  crystalline  compounds  with  the  hydro- 
gen-acids of  chlorine,  bromine,  and  iodine,  with  sulphuric  and 
nitric  acids ;  but  all  these  salts,  which  can  be  obtained  in  the  dry 
state  only  by  the  aid  of  the  exsiccator,  are  but  little  suitable  for 
analysis.  The  solution  in  hydrochloric  acid  affbrds  a  crystalline 
platinum-salt,  which  is  insoluljle  in  cold  water,  in  alcohol  and 
ether,  but  which,  on  account  of  the  facility  with  which  it  decom- 
poses at  100°  C,  must  be  dried  in  the  exsiccator.  In  the  water- 
bath  it  fuses  and  is  altogether  decomposed.  The  determination  of 
the  platinum  in  the  phosphorus-compounds  presents  considerable 

*  The  analytical  details  are  giveu  in  the  original  paper  published  in  the  Philo- 
sophical Transactions  for  1857,  p.  575. 
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difficulties.  The  platinvim  in  these  substances  cannot  be  deter- 
mined in  the  ordinary  way  by  simple  ignition,  because  a  consider- 
able quantity  of  platinum  is  carried  off  with  the  phosphorus-vapour, 
however  slowly  and  carefully  the  process  may  be  carried  out.  We 
unfortunately  did  not  find  this  out,  until  a  great  number  of  unsuc- 
cessful analyses  had  been  made.  By  heating  with  a  considerable 
excess  of  carbonate  of  sodium  in  a  porcelain  crucible  on  a  sand- 
bath,  the  temperature  of  which  is  gradually  raised,  the  determina- 
tion succeeds  without  difficulty.  After  removal  of  the  portion 
soluble  in  water,  the  platinum-residue,  which  is  always  contami- 
nated with  silicic  acid,  is  dissolved  in  nitrohydrochloric  acid,  the 
solution  evaporated  to  dryness,  and  the  residue  again  dissolved  in 
acid :  the  careful  evaporation  of  this  solution  fui^nishes  a  perfectly 
accurate  result.  This  method  is  somewhat  tedious,  but  there  is 
some  compensation  for  this  increased  complexity  by  the  simulta- 
neous determination  of  the  chlorine. 

The  analysis  of  the  platinum-salt  of  triethylphosphine  has  led  to 
the  formula 

C12H15P,  HCl,  PtCl2=E3P,  HCl,  PtCl2. 

The  analyses  of  the  base  itself  and  of  the  platinum-salt  sufficiently 
fix  the  composition  of  triethylphosphine.  This  compound  is  in 
fact  triethylamine,  in  which  the  nitrogen  is  replaced  by  an  equiva- 
lent quantity  of  phosphorus.  The  perfect  analogy  with  triethyla- 
mine is  also  shown  by  the  deportment  of  the  phosphorus-base  with 
the  iodides  of  ethyl,  methyl  and  amyl.  Triethylphosphine  com- 
bines with  these  substances,  forming  well-crystallized  and  highly 
characteristic  salts,  which  may  be  regarded  as  iodide  of  ammo- 
nium, in  which  the  nitrogen  is  replaced  by  phosphorus  and  the 
hydrogen  by  the  radicals  of  the  alcohols. 

Iodide  of  Tetrethylphosphonium. — On  mixing  triethylphosphine 
with  iodide  of  ethyl,  a  violent  action  ensues  after  a  few  moments ; 
the  liquid  effervesces  with  almost  explosive  violence,  and  then 
solidifies  to  a  white  crystalline  mass.  If,  instead  of  the  pure  base, 
an  ethereal  solution  be  employed,  the  crystals  are  formed  more 
slowly.  This  new  compound  is  extremely  soluble  in  water,  less  so 
in  alcohol,  and  insoluble  in  ether.  The  aqueous  solution  crystal- 
lizes on  addition  of  potassa-solution,  in  which  this  compound,  like 
the  iodides  of  tetramethylammonium  and  tetrethylammonium,  is 
but  slightly  soluble.  From  the  alcoholic  solution  the  salt  falls,  on 
addition  of  ether,  as  a  crystalline  powder.  If  ether  be  added  to  a 
cold  alcoholic  solution,  as  long  as  the  precipitate  first  produced  is 
dissolved  by  boiling,  well-formed  crystals  of  the  iodide  are  deposited 
..on  cooling. 

The  mode  of  formation  and  the  analysis  leave  no  doubt  respecting 
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the  nature  of  these  crystals.    They  contain  the  elements  of  1  equiv. 
of  triethylphosphine  and  1  equiv.  of  iodide  of  ethyl. 

C,,H,,P     +     (W     =     C,eH,„PL 

Triethyl-  Iodide  of  New  compound, 

phosphine.  ethyl. 

The  new  body  corresponds  to  iodide  of  tetrethyl-ammonium. 

E]  E  ] 

Ci6H2oNI  =  ^    NI  C,6H,oPI  =  ^     PI 

E  J  El 

Notwithstanding  the  transparency  of  the  constitution  of  these 
compounds,  we  feel  some  embarrassment  in  fixing  their  nomen- 
clature. We  propose  to  designate  the  hypothetical  compound  of 
one  equivalent  of  phosphorus  and  four  equivalents  of  ethyl  by  the 
name  "  Tetrethylphosphonium."  This  term  is  long,  but  it  leaves 
no  doubt  regarding  the  composition  of  the  body,  and  marks  at  the 
same  time  its  analogy  with  tetrethylammonium.  The  iodine- 
compound  is  accordingly  the  iodide  of  tetrethylphosphonium. 

Hydrated  Oxide  of  Tetrethylphosphonium. — The  separation  of 
the  iodine  from  the  before-mentioned  compound,  presents  no  diflS- 
culties.  Oxide  of  silver  removes  this  element  even  at  the  common 
temperature.  A  strongly  alkaline  solution  is  obtained  which 
retains  a  small  quantity  of  silver  in  solution.  This  liquid,  which 
is  almost  without  odour,  and  has  a  bitter  and  phosphoric  taste, 
dries  up,  when  placed  over  sulphuric  acid,  into  a  crystalline, 
extremely  deliquescent  mass,  the  silver  separating  at  the  same 
time  in  the  form  of  a  black  powder,  or  as  a  brilliant  metallic 
mirror.  The  mass,  when  redissolved  in  water,  furnishes  a  colour- 
less liquid  free  from  silver,  but  generally  containing  some  carbonic 
acid.  The  avidity  with  which  the  oxide  of  tetrethylphosphonium 
attracts  both  water  and  carbonic  acid,  has  prevented  us  from  ana- 
lysing this  body,  but  its  formation,  the  composition  of  the  corre- 
sponding iodide,  and  the  analyses  of  a  platinum-  and  gold-salt, 
hereafter  to  be  mentioned,  sufficiently  warrant  the  formula 

Ci6H2iPO,  =  E,PO,HO. 

In  its  deportment  with  other  substances,  the  body  in  question 
resembles  the  oxide  of  tetrethylammonium ;  we  refer  therefore  to 
the  detailed  description  which  one  of  us  has  given  of  this  com- 
pound in  a  former  memoir.*  The  solution  of  the  oxide  of  tetre- 
thylphosphonium  shows  in  fact  all  the  reactions  of  a  solution  of 

*  Journal  of  the  Chemical  Society,  pol.  4,  p.  304. 
VOL.    XI.  F 
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potassa;  tlie  precipitates,  such  as  alumina  and  protoxide  of  zinc, 
dissolve,  however,  less  readily  in  excess  of  the  phosphorus- 
compound.  The  action  of  heat  upon  this  hody  gives  rise  to  a 
peculiar  transformation,  to  which  we  shall  return  hereafter. 

Tetrethylphosphonium  produces  crystallizable  salts  with  hydro- 
chloric, nitric,  and  sulphuric  acids.  All  these  compounds  exhibit 
the  deliquescent  character  of  the  oxide.  Like  the  latter,  they  are 
also  soluble  in  alcohol ;  in  ether  they  are  for  the  most  part 
insoluble.  The  hydrochloric  solution  furnishes,  with  bichloride  of 
platinum  and  terchloride  of  gokl,  difficultly  soluble  precipitates, 
which  are  well  adapted  for  analysis. 

Chloride  of  Tetrethylpliosphonmm  and  Bichloride  of  Platinum. — 
The  pale  orange-yellow  precipitate  which  falls  ou  addition  of 
bichloride  of  platinum  to  a  moderately  dilute  solution  of  the 
chloride,  dissolves  with  difficulty,  but  without  decomposition,  in 
boiling  water ;  it  is  insoluble  in  alcohol  and  in  ether.  It  can  be 
dried  at  100°  C. 

Formula  E  i 

C.eH^oPCl,  PtCl2=^     PCl,PtCV 

E  I 

Chloride  of  Tetrethylphosphonium  and  Terchloride  of  Gold. — The 
crystalline  precipitate,  obtained  by  mixing  the  two  solutions,  sepa- 
rates from  boiling  water  in  brilliant  golden-yellow  needles. 

Formula  E  ] 

Ci6H2oPCl,AuCl3=^    PCl,AuCl3. 
E  ) 

ACTION  OP  HEAT  UPON  OXIDE  OP  TETRETHYLPHOSPHONIUM. 

The  change  which  oxide  of  tetrethylammonium  undergoes  by 
the  action  of  heat  is  well  known  ;  this  body  splits  into  olefiant  gas, 
water,  and  triethylamine : 

E4NO,  HO  =  C^H^  +  2H0  +  E3N. 

We  expected  an  analogous  transformation  of  oxide  of  tetrethylphos- 
phonium, but  experiment  has  proved  that  this  body  suffers  a 
different  decomposition.  On  submitting  freshly-prepared  oxide  of 
tetrethylphosphonium  to  distillation,  water  only  passes  over  in  the 
first  instance ;  but  as  soon  as  the  solution  has  attained  a  certain 
state  of  concentration,  it  suddenly  effervesces,  with  evolution  of  an 
inflammable  gas  which  may  be  collected  over  water.  This  gas 
contains  carbon  and  hydrogen,  but  no  phosphorus ;  it  may  be  left 
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in  contact  with  bromine-water  without  experiencing  the  slightest 
absorption.  This  experiment  shows  that  the  gas  cannot  contain 
any  ethylene,  and  with  almost  the  same  certainty  we  may  infer 
the  absence  in  it  of  all  the  hydrocarbons  of  the  formula  C^Hj^. 
The  evolution  of  gas  ceases  long  before  the  whole  amount  of  the 
liquid  contained  in  the  retort  has  distilled  over.  Ou  the  contrary, 
it  is  observed  that  immediately  after  the  evolution  of  gas  has 
ceased,  the  distillation  nearly  stops,  and  commences  again  only 
when  the  temperature  has  reached  200°;  a  viscid,  nearly  inodorous 
liquid  now  distils  over,  the  temperature  slowly  rising,  until  at  about 
240°  a  constant  boiling-point  is  attained :  what  now  distils,  gene- 
rally solidifies  to  a  radiated  crystalline  mass  in  the  neck  of  the 
retort.  On  fusing  this  mass  with  a  spirit-lamp,  and  collecting  the 
liquid  in  a  receiver,  it  frequently  i-esolidifies  instantaneously  on 
cooling;  often,  however,  it  remains  liquid  for  months.  This  body 
is  extremely  deliquescent :  a  crystal  exposed  to  the  air  only  for  a 
few  seconds  liquefies  entirely.  It  is  soluble  in  water  in  every  pro- 
portion, also  in  alcohol,  less  so  in  ether.  The  aqueous  solution  is 
precipitated  by  potassa ;  the  dissolved  body  separates  in  this  case 
in  colourless  oily  drops,  which  remain  liquid  even  after  much  con- 
centration, and  rapidly  dissolve  again  on  diluting  the  potassa  solu- 
tion with  a  comparatively  small  quantity  of  water.  Acids  dissolve 
the  oil  likewise  with  facility. 

It  is  obvious  at  a  glance,  that  the  body  in  question  is  identical 
with  the  product  formed  by  the  action  of  air  upon  triethylphos- 
phine.  A  careful  comparison  of  the  properties  of  the  two  sub- 
stances places  their  identity  beyond  any  doubt.  It  is,  moreover, 
easily  proved  that  the  body  is  a  product  of  oxidation.  On  boiling 
triethylphosphine  with  moderately  strong  nitric  acid,  and  adding 
potassa  to  the  highly  concentrated  liquid,  the  characteristic  oily 
drops  are  immediately  separated,  and  disappear  again  upon  addi- 
tion of  water.  At  the  common  temperature,  oxide  of  mercury  is 
without  action  upon  triethylphosphine  ;  but  ou  gently  warming  the 
mixture,  a  considerable  evolution  of  heat  takes  place,  metallic  mer- 
cury is  separated,  and  an  oily  substance  produced  which  has  all  the 
characters  of  the  new  compound,  and  often  sublimes  in  radiated 
crystals,  coating  the  colder  part  of  the  vessel.  With  oxide  of 
silver  exactly  the  same  phenomena  are  observed.  On  the  other 
hand,  the  oily  body,  when  submitted  to  the  action  of  potassium, 
instantaneously  reproduces  triethylphosphine. 

It  is  difficult  to  obtain  this  body  in  a  state  fit  for  analysis.  It  is 
not  affected  by  solid  hydrate  of  potassa,  but  on  distilling  the  two 
substances  together,  the  distillate  is  nevertheless  found  to  contain 
a  certain  amount  of  moisture,  the  hydrate  of  potassa  losing  a  cer- 
tain quantity  of  water  at  the  temperature  of  distillation.  If  the 
crystalline  mass  be  separated  from  the  potassa  before  distillation, 
it  attracts  so  much  water  during  manipulation,  that  even  now  it 
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becomes  but  impsrfcctly  crystalline  after  distillation.  Distillation 
with  anhydrous  phosphoric  acid  furnishes  the  compound  perfectly 
dry  and  solid ;  unfortunately,  however,  a  portion  of  the  substance 
is  thus  decomposed,  with  separation  of  free  phosphorus  which  con- 
taminates the  distillate.  Nor  have  we  succeeded  in  uniting  this 
substance  to  crystalline  combinations ;  nitrate  of  silver,  bichloride 
of  platinum,  and  several  other  reagents  were  tried  in  vain. 

It  is  ol)vious  that  the  preparation  of  this  body  in  a  state  of  purity 
is  attended  with  unusual  difficulties.  These  difficulties  might  cer- 
tainly have  been  surmounted,  but  we  believe  that  the  deportment 
of  triethylphosphine  with  sulphur  and  selenium,  which  will  be  more 
minutely  described  hereafter,  enables  us  to  infer  retrospectively 
the  composition  of  the  oxide  with  a  degree  of  certainty  scarcely 
inferior  to  that  furnished  by  analysis  itself.  The  examination  of 
well-defined  sulphur-  and  selenium- compounds  of  the  composition 
respectively 

CjoHjgPS^  =E3PS2and 

sufficiently  proves  that  the  body  in  qi;estion  is  the  corresponding 
oxide,  that  it  is  in  fact  a  combination  of  triethylphosphine  with 
2  equivalents  of  oxygen,  Cj2Hj5P0.2  =  E3P02  ;  an  inference  which 
is  moreover  supported  by  the  existence  of  analogous  and  similarly 
formed  combinations  in  the  antimony-  and  arsenic-series,  viz. 

Ci2Hi5Sb02  =  E3Sb02,  and 
Ci2Hi5As02=E3As02. 

The  formation  of  such  a  binoxide  by  the  distillation  of  the 
hjalrated  oxide  of  tetrethylphosphonium,  is  readily  intelligible,  if 
we  assume  that  the  hydrocarbon  simultaneously  disengaged  con- 
sists of  hydride  of  ethyl,  an  assumption  which  is  in  accordance 
with  the  general  characters  of  this  gas. 

E^PO,  HO       =       E3PO2       +       EH 

Hydrated  oxide  of  Binoxide  of  Hydride  of 

tetrethylphosphonium.      triethylphosphine.  ethyl. 

We  should  have  liked  to  establish  this  equation  by  some  analy- 
tical numbers,  but  after  some  fruitless  trials  to  prepare  the  sub- 
stance in  a  state  of  purity,  we  were  obliged  to  desist  from  the 
attempt.  Even  the  preparation  of  a  considerable  quantity  of  oxide 
of  tetrethylphosphonium  is  a  long,  laborious  and  expensive  opera- 
tion ;  but  to  these  numerous  impediments  a  further  difficulty  is 
added,  which  at  the  first  glance  appeared  altogether  inexplicable. 
Under  certain  conditions,  the  distillation  of  oxide  of  tetrethylphos- 
phonium furnishes  either  no  inflammable  gas  at  all,  or  only  traces ; 
at  the  same  time,  the  formation  of  the  crystalline  binoxide  either 
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entirely  ceases,  or  takes  place  only  in  very  minute  quantities.  We 
have  convinced  ourselves  that  this  invariably  occurs  when  the 
alkaline  solution,  by  exposure  to  the  air,  has  attracted  a  consider- 
able quantity  of  carbonic  acid.  Instead  of  hydride  of  ethyl  and 
binoxide  of  triethylphosphine,  the  phosphorus-base  itself  is  obtained 
in  this  case,  together  with  another  liquid  body  which  contains  no 
phosphorus.  By  dissolving  the  distillate  in  ether,  fixing  the 
triethylphosphine  by  sulphur,  and  then  evaporating  the  ether,  an 
inflammable  aromatic  liquid  remains,  which  floats  on  water.  We 
had  not  more  than  a  few  drops  of  this  oil  at  our  disposal,  which 
precluded  the  idea  of  an  analysis,  but  we  have  no  doubt  that  this 
liquid  is  carbonate  of  ethyl. 

E^P,  CO3     =     E3P     +     ECO3. 

Carbonate  of  Triethyl-  Carbonate 

tetrethylphosphonium,   phosphine.  of  ethyl. 

Chloride,  Bromide,  and  Iodide  of  Triethylphosphine. — Binoxide 
of  triethylphosphine,  when  treated  with  hydrochloric,  hydrobromic 
and  hydriodic  acids,  is  converted  into  the  corresponding  chloride, 
bromide,  and  iodide,  which  closely  resemble  the  oxide  in  their 
general  properties.  They  are  liquids  which  gradually  solidify  in 
the  exsiccator ;  the  crystals  fuse  at  100°  and  begin  to  volatilize, 
although  their  boiling-point  is  very  high.  The  compounds  of 
triethylphosphine  with  cldorine,  bromine,  and  iodine  may  also  be 
obtained  by  the  action  of  these  elements  in  aqueous  or  alcoholic 
solutions  upon  the  phosphorus-base  itself.  Both  methods,  how- 
ever, furnish  products  which  are  difficult  to  purify. 

These  compounds,  as  well  as  the  saline  compounds  which  the 
oxide  of  triethylphosphine  produces  with  sulphuric  and  nitric  acids, 
and  which  in  the  exsiccator,  gradually  solidify  into  semi-crystalline 
masses,  have  but  slightly  occupied  our  attention,  because  the  for- 
mation of  beautiful  sulphur-  and  selenium-compounds  enabled  us 
to  gain  a  sufficiently  precise  idea  regarding  the  chemical  characters 
of  these  substances  in  general. 

Bisulphide  of  Triethylphosphme. — The  remarkable  phenomena 
which  attend  the  combination  of  triethylphosphine  with  sidphur 
have  been  already  described.  The  compound  is  likewise  obtained 
by  distilling  triethvlphosphine  with  cinnabar,  which  in  this  reaction 
is  reduced  to  subsulphide  or  to  metallic  mercury.  Treatment  of 
the  oxide  of  triethylphosphine  with  sulphuretted  hydrogen  or  with 
sulphide  of  ammonium  does  not  furnish  the  compound. 

The  best  mode  of  preparing  this  beautiful  body  is  the  following: 
Flowers  of  sulphur  are  gradually  introduced  into  a  dilute  solution 
of  the  phosphorus-base  in  ether ;  the  liquid  ett'ervesces  upon  each 
addition,  and  the  sulphur  disappears.  As  soon  as  sulphur  remain- 
ing undissolved  indicates  the  completion  of  the  reaction,  the  ether 
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ii5  volatilized,  and  the  residuary  mixture  of  free  sulphur  and  bisul- 
phide of  triethylphosphine  separated  by  boiling  water.  On  cool- 
ing, the  liquid  deposits  the  compound  in  crystals  of  perfect  purity. 
This  sulphur-compound  is  one  of  the  finest  products  with  which  we 
have  become  acquainted  in  the  course  of  our  inquiries.  Its  crystal- 
lizing power  is  such,  that  by  slowly  cooling  the  solution,  most 
beautiful  crystals  may  be  obtained,  even  in  a  test-tube,  the  liquid 
column  being  traversed  by  an  aggregate  of  thin  vertical  needles, 
of  five  or  six  inches  in  length.  The  difference  of  the  solubility 
of  the  compound  in  cold  and  boiling  water  is  very  great ;  indeed, 
but  a  minute  quantity  remains  in  solution  at  the  common  tempera- 
ture. On  adding  an  alkali  to  the  cold  solution,  the  mixture  becomes 
turbid,  and  deposits,  after  a  few  moments,  small  crystals.  The 
sulphur-compound  in  this  respect  resembles  the  corresponding 
oxide,  which  is  likewise  less  soluble  in  alkalies  than  in  pure  water. 
This  phenomenon  is  most  strikingly  observed  by  adding  potassa 
to  a  boiling  saturated  aqueous  solution  of  the  bisulphide ;  it  instan- 
taneously separates  in  clear  oily  drops,  which  rapidly  solidify  into 
spherical  aggregates  of  crystals  as  the  liquid  cools.  The  compound 
is  even  more  readily  soluble  in  alcohol  and  ether,  and  also  crystal- 
lizes from  these  liquids,  but  less  beautifully.  The  solubility  in 
bisulphide  of  carbon  is  almost  unlimited]  from  this  solvent  it 
crystallizes  imperfectly. 

The  fusing-point  of  the  bisulphide  of  triethylphosphine  is  94°  C, 
it  resolidifies  at  88°  C.  When  heated  beyond  100°  C.  the  bisulphide 
is  volatilized,  with  diffusion  of  a  white  vapour  of  a  disagreeable 
sulphur- odour,  which  is  but  slightly  perceptible  at  the  common 
temperature.  When  heated  with  a  quantity  of  water  insufficient 
for  its  solution,  the  sulphur-compound  rises  to  the  surface  as  a  clear 
transparent  oil,  which  is  copiously  volatilized  v*^ith  the  vapour  of 
water. 

The  solution  of  the  bisulphide  is  without  action  on  vegetable 
colours.  The  compound  nevertheless  appears  to  possess  faintly 
basic  properties.  It  dissolves  more  readily  in  hydrochloric  acid, 
especially  when  concentrated,  than  in  water,  and  the  solution  fur- 
nishes with  bichloride  of  platinum  a  yellow  precipitate,  which 
however  rapidly  cakes  into  a  resinous  mass,  giving  indications  of 
decomposition  by  the  separation  of  bisulphide  of  platinum,  so  that 
it  was  not  adapted  for  analysis.  The  sulphur-compound  also  dis- 
solves in  dilute  sulphuric  and  nitric  acids ;  concentrated  nitric  acid 
decomposes  it ;  the  fuming  acid  gives  rise  to  a  sort  of  detonation. 
The  aqueous  solution  of  the  bisrdphide  is  not  affected  by  acetate  of 
lead,  nitrate  of  silver,  or  protoxide  of  mercury,  even  at  the  boiling 
temperature ;  the  alcoholic  solution,  on  the  other  hand,  is  instan- 
taneously decomposed  with  separation  of  the  sulphide  of  lead,  silver, 
or  mercury.  The  liquid  filtered  off  from  the  precipitates  now  contains 
the  oxide  of  triethylphosphine,  either  free  or  in  the  form  of  acetate 
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or  nitrate,  and  may  be  readily  separated  by  the  addition  of  an  alkali 
to  the  solution.  The  action  of  potassium  upon  this  compound  in- 
stantaneously reproduces  the  phosphorus-base. 

The  bisulphide  of  triethylphosphine  has  the  composition 

The  formation  of  the  bisulphide  takes  place  with  such  facility, 
and  the  properties  of  tlie  compound  are  so  characteristic,  that  we 
have  frequently  used  flowers  of  sulphur  as  a  reagent  for  triethyl- 
phosphine. 

Biselenide  of  Triethylphosphine. — In  the  action  of  selenium  upon 
triethylphosphine,  the  phenomena  described  in  the  preceding  para- 
graphs are  repeated.  The  reaction,  however,  as  might  have  been 
expected,  is  less  powerful.  The  selenium-compound  crystallizes 
from  water  with  the  same  facility  as  the  sulphur-compound,  but 
the  solution  is  apt  to  undergo  partial  decomposition  when  exposed 
to  the  atmosphere.  Even  the  dry  crystals  are  slowly  reddened  in 
the  air.  The  fusing  point  of  the  selenide  is  113°  C.;  it  is  easily 
volatjlized,  undergoing  partial  decomposition.     It  contains 

Ci2Hi5^Se2=E3PSc,. 


In  order  to  give  more  completely  the  history  of  the  phosphorus- 
bases,  we  have  also  examined  the  compounds  whicli  are  formed  by 
the  action  of  the  iodides  of  methyl  and  amyl  upon  triethylphos- 
phine ;  but  since  the  products  of  tliese  reactions  resemble  in  every 
respect  the  corresponding  ethyl-compounds,  we  have  only  to  men- 
tion the  analytical  results. 

Iodide  of  Methyltriethylphosphoniwn. — In  treating  triethylphos- 
phine Avith  iodide  of  methyl,  all  the  phenomena  mentioned  in  the 
case  of  the  analogous  experiment  Avith  iodide  of  ethyl  are  repeated. 
The  action  is  still  more  violent  and  rapid,  and  if  no  ether  be 
added,  a  portion  of  the  product]  is  readily  lost  by  the  explosive 
effervescence  of  the  liquid.  The  crvstals  thus  obtained  contain 
C,,H,3PI=(MeE3)PI. 

On  treating  the  solution  of  this  compound,  which  essentially 
resembles  the  simple  ethyl-compound,  with  oxide  of  silver,  a 
strongly  alkaline  solution  of  oxide  of  methyltriethylphosphonium 
is  obtained.  The  solution,  when  saturated  with  hydrochloric  acid 
and  mixed  with  bichloride  of  platinum,  furnishes  a  beautiful  orange- 
yellow  platinum-salt,  crystallizing  in  well-defined  cubes,  truncated 
by  the  planes  of  the  octahedron.  This  salt,  which  is  insoluble  in 
alcohol  and  ether,  may  be  recrystallized  from  boiling  water  without 
decomposition ;  it  contains 

Cj^HigPCl,  PtCl2=(MeE3)PCl,  ViQ\^. 

Iodide  of  Triethylamylphosphonium. — Iodide    of  amyl    acts  but 
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slowly  on  tlie  phosphorus-base.  From  a  mixture  of  the  two  sub- 
stances in  ether,  beautiful  crystals  are  deposited  after  a  few  days, 
which  may  be  purified  by  solution  in  alcohol  and  precipitation  by 
ether ;  they  contain 

C^^H^ePI  =  (E3Ayl)PL 

Treatment  of  this  compound  with  oxide  of  silver  furnishes  the 
free  oxide  of  triethylamylphosphonium,  with  all  the  properties  cha- 
racteristic of  the  class.  The  corresponding  chloride  deposits,  on 
addition  of  bichloride  of  platinum,  a  beautiful  platinum-salt,  crys- 
tallizing in  prisms,  with  flat  terminal  planes.  It  is  insoluble  in 
alcohol  and  ether,  but  rather  soluble  in  water.  The  platinum-salt 
has  the  composition 

C22H26PCI,  PtCl2  =  (E3Ayl)PCl,  PtCla. 

ACTION  OF  HEAT  UPON  THE  HYDRATED  OXIDE  OF  TRIETHYLAMYL- 
PHOSPHONIUM. 

On  heating  this  oxide  a  small  quantity  of  an  inflammable  gas  is 
evolved,  a  liquid  being  formed  at  the  same  time,  which  boils  at 
about  283°  C,  and  obviously  corresponds  to  the  binoxide  of  trie- 
thylphosphine.  Two  distinct  changes  may  occur  in  this  case. 
Since  the  oxide  contains  several  radicals,  it  is  possible  that  either 
ethyl  or  amyl  may  be  eliminated  in  this  decomposition,  and  the 
liquid  simultaneously  generated  must  therefore  contain  either- 

(EgAyl)  PO2,  or  E3  PO^. 

The  higher  boiling-point  of  the  compound,  and  the  deportment 
of  the  corresponding  nitrogen-term  (the  oxide  of  triethylamylam- 
moniura),  which  on  distillation  furnishes  diethylamylamine  toge- 
ther with  water  and  olefiant  gas,  are  in  favor  of  the  first  assump- 
tion. Accordingly,  the  inflammable  gas  would  also  in  this  case  be 
hydride  of  ethyl,  and  the  transformation  of  the  oxide  of  triethyl- 
amylphosphonium  under  the  influence  of  heat  would  be  represented 
by  the  equation 

(E3Ayl)P0,  HO         =       (E2AyljP02        +      EH 

Oxide  of  triethylamyl-  Binoxide  of  diethyl-  Hydride 

phosphonium.  amylphosphine.  of  ethyl. 

Experimentally  the  question  remains  undecided. 

EXPERIMENTS  IN  THE  METHYL-SERIES, 

The  results  recorded  in  the  preceding  sections  aff'ord  a  tolerably 
complete  view  of  the  phosphorus-bases.     We  may  therefore  be  brief 
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in  describing  the  experiments  whicli  we  have  made  with  the  methyl- 
compomids. 

Trimethylphosphine. — This  remarkable  body  is  obtained  by  the 
same  process  which  we  have  minutely  described  for  the  preparation 
of  the  corresponding  ethyl-base.  Zinc-methyl  and  terchloride  of 
phosphorus  furnish  the  compound  of  chloride  of  zinc  and  trime- 
thylphosphine, from  which  the  base  may  be  expelled  by  the  action 
of  potassa.  All  the  precautions  which  have  been  mentioned  as  ne- 
cessary in  the  preparation  of  the  ethyl-base,  are  required  in  a  higher 
degree  for  the  methylated  body.  Since  zinc-methyl  attracts  oxy- 
gen even  with  greater  avidity  tlian  zinc-ethyl,  the  current  of 
carbonic  acid  must  be  continuously  maintained  for  a  long  period. 
The  intensity  with  which  zinc-methyl  decomposes  terchloride  of 
phosphorus,  is  not  inferior  to  the  violent  reaction  between  caustic 
baryta  and  anhydrous  sulphuric  acid.  The  mixing  cannot,  there- 
fore, be  too  slowly  effected.  In  expelling  trimethylphosphine  from 
its  zinc-compound,  refrigeration  by  ice  is  absolutely  necessary,  since 
this  body  is  far  more  volatile  than  the  ethyl-base.  The  distillation 
must  be  made  in  hydrogen  gas,  and  the  current  of  gas  must  more- 
over flow  very  slowly,  otherwise,  however  perfect  and  careful  may 
be  the  arrangements  for  cooling,  a  considerable  quantity  of  the 
body  will  be  carried  off  in  the  hydrogen  and  be  lost,  not  to  speak 
of  the  diffusion  of  the  almost  intolerable  odor  of  the  methyl-base 
in  the  atmosphere  of  the  laboratory. 

Trimethylphosphine  is  a  colourless,  transparent,  very  mobile 
liquid  of  an  indescribable  odour,  powerfully  refracting  light,  lighter 
than  water,  in  which  menstruum  it  is  insoluble.  The  boiling-point 
of  the  liquid  lies  between  40°  and  42°  C,  which  agrees  with  Paul 
Thenard's  observations.  Trimethylphosphine  has  even  a  more 
powerful  attraction  for  oxygen  than  the  corresponding  ethyl-base. 
In  contact  with  the  air,  it  fumes  and  is  apt  to  be  inflamed.  On 
distilling  even  the  freshly  prepared  methyl-base,  the  neck  of  the 
retort  becomes  coated  in  the  last  stage  of  the  operation  with  a  net- 
work of  beautiful  crystals,  perfectly  similar  to  those  which  are  ob- 
served with  the  ethyl-base.  These  crystals,  may  be  readily  obtained 
in  larger  quantity  by  exposing  the  methyl-base  to  a  slow  current 
of  dry  atmospheric  air.  It  is  scarcely  necessary  to  mention  that 
these  crystals  are  tlie  binoxidc  of  trimethylphosphine. 

In  its  deportment  Avith  chlorine,  bromine,  iodine,  sulphur  and 
selenium,  and  finally  with  the  acids,  the  methyl-base  exactly 
imitates  the  ethylated  body.  The  reactions  are  however  more  rapid 
and  energetic. 

We  have  been  satisfied  to  identify  trimethylphosphine,  prepared 
by  means  of  zinc-methyl,  by  the  analysis  of  a  platiuum-salt. 

Hydrochlorate  of  Trimethylphosphine  and  Bichloride  of  Plaii?mm. 
— The  solution  of  the  methyl-base  in  hydrochloric  acid,  furnishes 
with  bichloride  of  platinum,  an  orange  yellow,  indistinctly  crystal- 
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line  precipitate,  which,  like  the  corresponding  ethyl-compound,  is 
readily  decomposed  by  exposure  to  100°  C.  For  analysis  it  was 
dried  in  the  exsiccator  over  sulphuric  acid.     It  contains 

CfiHgP,  HCl,  PtCl2  =  Me3P,  HCl,  PtCl2. 

Iodide  of  Tetramethylphosphonium. — The  iodide  is  a  white  crys- 
talline mass,  obtained  by  the'  action  of  iodide  of  methyl  upon  an 
ethereal  solution  of  triethylphosphine.  This  compound,  which  may 
be  readily  recrystallized  from  alcohol,  is  the  finest  product  of  the 
series.  Freshly  prepared,  it  exhibits  the  silvery  lustre  of  sublimed 
naphthalin.  In  contact  with  the  atmosphere  it  assumes  a  slightly 
reddish  colour. 

The  composition  of  this  compound  is  represented  by  the  formula 

C8H12PI  =  M4PI. 

On  treating  the  solution  of  the  iodide  with  oxide  of  silver,  a  very 
caustic  solution  of  the  oxide  is  obtained. 

Chloride  of  Tetrametlnjlphosphommn  and  Bichloride  of  Platinum. 
— The  solution  of  this  oxide,  mixed  with  hydrochloric  acid  and  bi- 
chloride of  platinum,  furnishes  a  platinum-salt  which  is  insoluble 
in  alcohol  and  ether,  but  crystallizes  from  water  in  beautiful  octa- 
hedra.      It  contains 

CgHiaPCl,  PtCl2  =  Me.PCl,  PtCl2. 

Chloride  of  Tetramethylphosphonium  and  Terchloride  of  Gold. — ■ 
The  method  of  preparation,  and  the  properties  of  the  gold-salt  of 
chloride  of  tetramethylphosphonium,  are  perfectly  similar  to  those 
of  the  corresponding  ethyl-body. 

Formula 

C3H10PC],  AUCI3  =  MeJ^Cl,  AuClg. 

ACTION  OF  HEAT  UPON  THE  HYDRATED  OXIDE  OF  TETllAME- 
THYLPHOSrHONIUM. 

Binoxide  of  Trimethylphosphine. — Precisely  similar  phenomena 
as  in  the  ethyl-scries  :  formation  of  binoxide  of  trimethylphosphine 
and  hydride  of  methyl  (marsh-gas) . 

ME4P0,H0         =        Me3HP02  +         MeH 

•^. ,, ^ , '  ^^ — , — -' 

Hydrated  oxide  of             Binoxide  of  tri-  Hydride  of  methyl 

tetramethylplioisphouium.       meth}l|)hosphiue.  (marsli  gas) 

The  direct  formation  of  the  binoxide  by  the  action  of  oxygen 
upon  trimethylphosphine  has  been  already  mentioned. 

Bisulphide  and  Biselenide  of  Trimethijlphosphine. — These  bodies 
likewise  resemlde  the  corresponding  members  of  the  ethyl-series; 
they  are,  however,  more  soluble  and  more  volatile.      The  sulphur- 
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compound  crystallizes  from  a  higlily  concentrated  aqueous  solution 
in  masses  of  well-formed  four-sided  prisms,  which  fuse  at  105°  C. 

The  selenium-compound  crystallizes  exactly  like  the  ethyl-body; 
its  fusing-point  is  84°C.  In  contact  with  the  air,  this  compound 
blackens  with  separation  of  selenium.  In  this  decomposition,  the 
characteristic  odour  of  mesitilene  is  very  perceptibly  envoh'cd. 
Even  without  an  analysis  we  may  assign  to  these  compounds  the 
formulae 

CgHgPSj    =Me3PS2and 
CgHgPSe^  =  McgPSea. 

In  conclusion,  the  action  of  the  iodides  of  ethyl  and  amyl  upon 
trimethylphosphine  may  be  briefly  mentioned. 

Iodide  of  Trimethylethylphosphonmm. — This  substance  is  rapidly 
formed  by  the  action  of  iodide  of  ethyl  upon  the  ethereal  solution 
of  the  methyl-base.  The  compound,  which  crystallizes  perfectly 
well  from  boiling  alcohol,  contains 

C,„H,,PI  =  (Me3E)PI. 

Chloride  of  Trimethylethylphosphoniiim  and  Bichloride  of  Plati- 
num.— By  treating  tlie  iodide  with  oxide  of  silver,  the  caustic  oxide 
is  obtained,  which  gives,  with  hydrochloric  acid  and  bichloride  of 
platinum,  a  yellow  platinum-salt,  insoluble  in  alcohol  and  ether, 
but  rather  soluble  in  vrater.  From  the  boiling  solution  it  is  depo- 
sited in  magnificent  octahedra. 

Formula 

CjoHj^PCl,  PtCl^  =  (McgEjCl,  PtCl2 

Iodide  of  TrimetJiylamylphosphonium. — The  ethereal  solution  of 
the  constituents  slowly  deposits  this  compound.  It  is  extremely 
soluble  in  water,  and  hence,  if  the  ethereal  solution  of  the  iodide  of 
ethyl  contain  the  most  minute  trace  of  water,  the  salt  separates  in 
the  form  of  a  syrup,  which  only  gradually  solidifies.  It  crystallizes 
in  needles,  although  with  difficulty,  from  absolute  alcohol.  Its 
composition  is 

C,6H2o^I=(Me3Ayl)PI. 

Chloride  of  Trhnethylamylphosphonium  and  Bichloride  of  Plati- 
num. This  oxide  liberated  from  the  iodide  by  means  of  oxide  of 
silver,  furnishes,  with  hydrochloric  acid  and  bichloride  of  platinum, 
a  very  soluble  platinum-salt,  Avhich  crystallizes  from  boiling  water 
in  splendid  needles,  aggregated  in  spherules. 

Formula 

CiJI,oPCl,  PtClo  =  (Mc3Ayl)  PCI,  PtCl2. 
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The  analysis  of  this  platinum-salt  concludes  the  experimental 
part  of  our  inquiry ;  for  clearness  and  comparison  we  subjoin  the 
following  synopsis  of  the  compounds  M'hich  we  have  investigated. 

a.  METHYL-SERIES. 

Trimetliylphosphine McgP. 

Platino-chloride  of  trimethylphosphine  .         .  MegP,  HCl,  PtCl^. 

Binoxide  of  trimethylphosphine  ....  MesPO^. 

Bisulphide  of  trimethylphosphine         .         .         .  MejPS^. 

Biselenide  of  trimethylphosphine  .         .         .  M  e^jPSe,. 

Iodide  of  tetramethylphosphonium        .         ,         .  Me4PI. 

Platino-chloride  of  tetramethj'lphosphonium         .  MojPCl,  PtCla. 

Auro-chloride  of  tetramethylphosphonium     .         .  McjPCl,  AuClg. 

Iodide  of  trimethylethylphosphonium  .         .  (Me3E)PI. 

Platino-chloride  of  trimethylethylphosphonium    .  (Me3E)PCl,  PtCU. 

Iodide  of  trimethylamylphosphonium  .         .         .  (Me3Ayl)Pl. 

Platino-chloride  of  trimethylamylphosphonium     .  (Me3Ayl)PCl;PtCl2. 


/3.    ETHYL-SERIES. 

Triethylphosphine E3P. 

Platino-chloride  of  triethylphosphine    .         .         .  E3P,HC1,  PtCb. 

Binoxide  of  triethylphosphine       ....  E3PO2. 

Bisulphide  of  triethylphosphine    ....  E3PS0. 

Biselenide  of  triethylphosphine     ....  EgPSe^. 

Iodide  of  tetrethylphosphonium    ....  E4PI. 

Platino-chloride  of  tetrethylphosphonium      .         .  E4PCI,  PtCl2. 

Auro-chloride  of  tetrethylphosphonium  .         .  E4PCI,  AuClg. 

Iodide  of  methyltriethylphosphonium    .         .         .  (MeE3)PI. 

Platino-chloride  of  methyltriethylphosphonium    .  (MeE3)PCl,  PtCU. 

Iodide  of  triethylamylpliosphonium       .         .         .  (Ayl  E3)PI. 

Platino-chloride  of  triethylamylphosphonium        .  (Ayl  E3)  PCI,  PtClj. 

On  glancing  once  more  over  the  phosphorus-compounds  described 
in  the  preceding  memoir,  a  comparison  of  these  substances  with 
the  corresponding  terms  of  the  nitrogen-,  arsenic-,  and  antimony- 
series  is  unavoidat)ly  forced  upon  us.  Whether  we  consider  the 
composition,  or  whether  we  review  the  properties  of  these  groups, 
the  most  striking  analogies,  indeed  an  almost  perfect  parallelism, 
cannot  be  mistaken ;  the  same  formulse,  the  same  mode  of  com- 
bination, the  same  decompositions. 

This  analogy  is  particularly  manifest  in  the  compounds  belong- 
ing to  the  ammonium-type.  In  these  remarkable  bodies,  nitrogen, 
phosphorus,  arsenic,  and  antimony  appear  to  play  absolutely  the 
same  part.  It  is  more  especially  in  the  oxides  of  these  compound 
metals  that  analogy  of  composition  induces  a  perfect  identity  in 
properties,  and,  indeed,  of  very  salient  properties,  which  may  be 
traced  in  almost  every  direction.  If  we  were  satisfied  Avitli  the 
study  of  the  reactions  of  these  bodies,  we  should  never  suspect,  in 
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compounds  exhibiting  such  a  close  similarity  of  properties,  the 
presence  of  elements  so  dissimilar  as  nitrogen,  phosphorus,  arsenic, 
and  antimony ;  they  might,  moreover,  be  confounded  T\ith  potassa 
and  soda,  by  which  they  are  scarcely  surpassed  in  alkaline  power. 
Only  the  deportment  of  the  hydrated  oxides,  under  the  influence 
of  heat,  distinguishes  the  derivatives  of  nitrogen  from  the  corre- 
sponding terms  of  the  phosphorus-  arsenic-  and  antimony-series. 

If  we  regard,  on  the  other  hand,  the  compounds  belonging  to 
the  ammonia-type,  we  observe  that  the  electro-positive  character 
of  the  substances  gradually  rises  in  intensity  from  the  nitrogen-  to 
the  antimony-compounds. 

Thus,  trimethylamiue  and  triethylamine  are  not  capable  of 
uniting  with  oxygen,  chlorine,  bromine,  and  iodine  ;  a  power  which 
the  corresponding  terms  of  the  phosphorus-,  arsenic-,  and  anti- 
moTiy-series  possess  in  a  high  degree. 

Triethylamine  unites  with  the  acids  producing  compounds  of  the 
formula 

E3N,  HCl 
E3N,  HSO4 
E3N,  HNOg. 

The  corresponding  compounds  in  the  arsenic-  and  antimony- 
series  do  not  exist ;  at  all  events  chemists  have  not  yet  succeeded 
in  preparing  them.  Triethylarsine  and  triethylstibine  only  com- 
bine directly  with  oxygen,  chlorine,  sulphur,  &c.,  producing  saline 
bodies,  which  have  the  composition  respectively — 


E3AS02    .    . 

.     .     E3Sb02 

E3ASC12  .    . 

.     .     E3SbCl2 

E3ASS2    .    . 

.     .     E3SbS2. 

In  the  phosphorus- series,  lastly,  the  two  classes  are  repre- 
sented. Triethylphosphine  not  only  forms  compounds  analogous 
to  the  salts  of  triethylamine,  but  also  the  terms  corresponding  to 
the  binoxides  of  triethylarsine  and  triethylstibine.  We  have  in  the 
first  place  the  terms 

E3P,  HCl 
E3P,  HSO^ 
E3P,  HNOg, 

and  in  the  second  place  compounds  of  the  formulae 

E3PO2 
E3PCI2 
E3PS2. 

The  phosphorus'compounds  accordingly  hold  a  position  inter- 
mediate between  the  nitrogen-compounds  on  the  one  hand,  and 
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the  arsenic-  and  antimony-series  on  the  other.  It  cannot,  how- 
ever, be  denied  that  the  phosphorus-compounds  stand  closer  to  the 
arsenic-  and  antimony-series  than  to  the  nitrogen -group. 

This  cannot  surprise  us,  when  we  consider  the  close  analogies 
which  phosphorus  and  arsenic  present  in  many  other  directions. 
Both  phosphorus  and  arsenic  form  well-characterized  polybasic 
acids ;  the  acids  of  antimony  are  not  yet  sufficiently  investigated, 
but  the  acids  of  nitrogen,  which  are  better  examined,  are  all  found 
to  be  essentially  monobasic.  The  equivalent  numbers,  too,  of  phos- 
phorus, arsenic,  and  antiuiony,  present  a  remarkable  connection, 
the  dift'ei'ence  between  those  of  phosphorus  and  arsenic,  and  those 
of  arsenic,  and  antimony  being  virtually  the  same — 

Phosphorus      .     .     .     311   t^t  a  i 

^  ydinerence     .     .     .     4% 

Arsenic 75  s 

Antimony    ....   120)^^^"'^^^^     '     '     '     ^5, 

whilst  the  equivalent  of  nitrogen  stands  altogether  apart  from  the 
rest. 

The  same  relative  position  of  the  elements  nitrogen,  phosphorus, 
arscuic  and  antimony,  may  also  be  traced  in  their  hydrides, 

H3N      H3P      H3AS      H3Sb. 

Ammonia  is  a  powerful  alkali ; — phosphoretted  hydrogen  only 
unites  with  hydrobromic  and  hydriodic  acids,  whilst  in  arsenietted 
and  antimonietted  hydrogen,  the  power  of  combining  with  acids 
has  altogether  disappeared.  In  these  hydrogen-compounds,  the 
gradation  of  properties  is  indeed  much  more  marked  than  in  their 
trimethylated  and  triethylated  derivatives.  On  comparing  the 
terminal  points  of  the  series,  ammonia  and  antimonietted  hydrogen, 
we  cannot  fail  to  be  struck  by  the  dissimilarity  of  properties,  which 
at  the  first  glance,  appears  to  limit  the  analogy  of  the  two  com- 
pounds to  a  mere  parallelism  of  composition. 

In  the  methylated  and  ethylated  derivatives  of  these  compounds, 
the  nitensity  of  the  chemical  tendencies  in  general  is  so  much 
raised,  that  the  gradation  is  no  longer  perceptible  to  the  same 
extent. 

We  cannot  conclude  this  memoir  without  thankfully  acknow- 
ledging the  able  and  untiring  assistance  we  have  received,  during 
this  lengthened  inquiry,  from  Dr.  A.  Leibius  in  the  analyses,  and 
from  Messrs.  W.  H.  Perkin  and  C.  Hoffmann  in  the  prepara- 
tion of  the  numerous  compounds  which  had  to  be  investigated. 
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On  a  New  Series  of  Organic  Acids  containing  Nitrogen. 

By    E.    Franliland,   Ph.D.,    F.R.S.,    L,ectiirer   on    Chemistry   at 
St.   Bartholomew's    Hospital.* 

(Read  before  the  Eoyal  Society,  June  19,  1856.) 

ABSTRACT. 

In  the  progress  made  by  Organic  Chemistry  during  the  past  fifteen 
years,  no  generalization  has  perhaps  contributed  so  extensively  to 
the  development  of  this  branch  of  the  science,  as  the  doctrine  of 
substitution.  The  value  of  this  doctrine  becomes  even  still  more 
apparent,  when  it  is  remembered  that  chemists  have,  until  veiy 
recently,  possessed  adequate  means  for  following  out  its  sugges- 
tions, in  one  direction  only.  The  peculiar  habits  of  chlorine 
render  the  substitution  of  an  electro-positive  constituent  by  this 
element,  generally  a  work  of  little  or  no  difficulty,  and  even  the 
like  substitution  of  other  electro-negative  for  electro-positive, 
elements  in  organic  bodies,  presents  no  insurmountable  obstacles. 
But  the  inverse  process  has  hitherto  been  successfully  accom- 
plished only  in  comparatively  few  cases,  owing  to  the  want  of  a 
body  capable,  like  cldorine,  of  effecting  such  a  replacement  with 
facility.  This  want  is  now  supplied  in  zincmethyl  and  its  homo- 
logues;  bodies  which,  on  account  of  their  intense  affinities  and 
peculiar  behaviour,  possess  in  an  eminent  degree  the  property  of 
removing  electro-negative  constituents  and  replacing  them  by 
methyl,  ethyl,  &c.  The  action  of  zincmethyl  upon  water, 
attended  as  it  is  by  the  substitution  of  methyl  for  oxygen, 

CaHgZn"!  _  rC2H3,H 
HO  J  ~  \ZnO, 

may  be  regarded  as  the  type  of  these  reactions,  which  open  up  a 
most  extensive  and  perfectly  new  field  of  research,  from  the  culti- 
vation of  which  important  discoveries  cannot  fail  to  spring. 
Amongst  the  reactions  of  this  nature  which  promise  most  interest- 
ing results,  are  those  with  the  chlorine  and  oxygen  substitution 
products  derived  from  the  ethers  and  organic  acids,  which  might 
lead  to  the  higher  members  of  each  homologous  series  being  pro- 
duced from  the  lower  ones,  if  not  to  the  building  up  of  some  of 
those  series  from  their  inorganic  types  ;  a  discovery  which  cannot 
now  remain  long  in  abeyance. t  Instead  of  immediately  pursuing 
this  line  of  investigation,  however,  I  determined  in  the  first  place 
to  confine  my  attention  to  the  action  of  these  organo-zinc  bodies 
upon  inorganic  compounds. 

In  a  former  memoir  |  I  endeavoured  to  give   a  general  view  of 

*  rhil.  Trans.,  1857,59. 

t  This  discovery  has  since  been  made  by  Mr.  Wanklyn,  who  has  succeeded  in 
forming  propionic  acid  from  carbonic  acid  by  the  action  of  sodium-ethyl  upon  the 
latter  body.— April,  1858.     E.  F. 

+  Phil.  Tians.,  1852,  438. 
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the  rational  constitution  of  all  the  organo-metallic  bodies  then 
known,  by  showing  that  they  all  possessed  a  molecular  isonomy 
with  the  inorganic  compounds  of  the  respective  metals.  The  only 
compound  which  at  that  time  did  not  coincide  with  this  view  was 
Lowig's  so-called  ethostibylic  acid,  the  formula  of  which  SbC^H^Og, 
I  suggested  would  probably  be  found  to  be  erroneous*;  and  in 
fact,  LowiG  has  since  announced  this  to  be  the  case:  he  now 
assigns  to  this  compound  the  formula  813(04115)302,  2Sb03,  which 
harmonizes  perfectly  with  the  general  view  I  ventured  to  propound. 
The  recent  researches  of  Merck!  upon  the  compounds  of  stibe- 
thyl,  although  they  probably  prove  the  existence  of  certain  new 
compounds  of  this  radical,  are  by  no  means  conclusive  as  to  the 
non  existence  of  the  bodies  originally  described  byLowiG.  With 
regard  to  those  stanethyl  compounds  which  have  been  since  dis- 
covered, several  of  them  correspond  exactly  with  the  known  oxides 
of  tin ;  the  remainder  are  also  by  no  means  irreconcileable  with  my 
hypothesis,  if  we  consider  the  polymeric  attributes  of  stannic  acid. 
Nevertheless,  I  conceive  that  the  formulae,  and  even  the  existence 
of  some  of  the  more  complex  stanethyl  compounds,  require  con- 
firmation before  these  bodies  can  be  employed,  either  for  the 
support  or  disproof  of  any  general  theory  of  the  rational  constitu- 
tion of  organo-metallic  compounds. 

Taking,  then,  this  view  of  the  organo-metallic  compounds  as  my 
guide,  I  pointed  out  in  a  former  memoir,  J  that  the  oxygen  com- 
pounds of  nitrogen  might  probably  be  represented  by  correspond- 
ing organic  compounds,  in  which  one  or  more  equivalents  of 
oxygen  were  replaced  by  an  organic  radical :  thus,  to  take  one 
example,  nitric  acid,  by  the  substitution  of  methyl,  should  yield  the 
following  derivatives  : — 

I.  II.  III.  IV.  V. 

C2H3  [C2H3  rC2H3  fC2^^3  rC2H3 

O  j  C2H3  C0H3  I C2H3  I C2H3 

N^     O  ,  NO,  N<^C2H3,  N    C2H3,  N<C2H3, 

O  O  O  C2H3  C2II3 

O  V    o  V    o  I     O  IC2H3 

of  which  the  foiu^th  is  already  known  as  oxide  of  tetramethylam- 
monium.  My  attempts  to  produce  these  derivatives  from  the 
oxygen  compounds  of  nitrogen  have  hitherto  been  confined  to  the 
binoxide,  in  which  I  have  succeeded  in  replacing  oxygen  by  ethyl 
in  the  manner  now  to  be  described. 

Action  of  Zincethyl  upon  Binoxide  of  Nitrogen. 

If  a  small  quantity  of  zincethyl,  either  pure  or  dissolved  in 
ether,  be  passed  up  into  dry  binoxide  of  nitrogen  confined  over 

*  Phil.  Trans.,  1852,  442.  t  J.  pr.  Chem.,  Ixvi,  56. 

X  Phil.  Trans,  cxiiii ;  442. 
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mercury,  the  binoxide  is  very  slowly  but  completely  absorbed  in 
large  quantity,  without  the  production  of  any  other  gas.  The 
solution  may  be  accelerated  by  agitation,  but  even  then  it  is 
exceedingly  slow.  At  the  expiration  of  from  one  to  four  days, 
rhomljoidal  crystals  begin  to  be  deposited,  and  increase  in  number 
until  the  liquid  finally  solidifies.  To  prepare  these  crystals  in 
larger  quantity,  about  an  ounce  of  zincethyl,  dissolved  in  an  equal 
bulk  of  dry  ether,  was  placed  in  a  flat-bottomed  flask  and  supplied 
with  binoxide  of  nitrogen  from  a  gas  holder,  the  gas  being 
thoroughly  di'ied,  by  bubbling  through  a  loug  series  of  bulbs  filled 
with  concentrated  sulphuric  acid,  which  also  served  to  absorb  any 
traces  of  nitrous  gas  that  might  be  formed  by  atmospheric  oxygen 
gaining  access  to  the  interior  of  the  apparatus.  The  gas  was  con- 
ducted into  the  flask  by  a  tube  which  terminated  just  below  the 
cork ;  whilst  a  provision  was  made  for  its  exit  by  another  tube 
continued  to  within  a  short  distance  of  the  surface  of  the  liqiud, 
and  which  terminated  outside  the  cork  in  a  capillary  extremity, 
that  could  be  readily  sealed  up  by  the  blo^qjipe  and  reopened  at 
pleasure.  Binoxide  of  nitrogen,  prepared  from  copper  turnings  and 
nitric  acid,  always  contains  a  considerable  percentage  of  protoxide, 
and  it  was  therefore  necessary  occasionally  to  allow  a  stream  of  the 
gas  to  flow  through  the  flask,  so  as  to  prevent  the  absorption 
being  hindered  or  stopped  by  the  accumidation  of  protoxide  of 
nitrogen  :  at  other  times  the  exit  tube  was  hermetically  sealed, 
and  the  gas  supplied  only  as  it  was  absorbed.  In  this  way, 
although  the  apparatus  was  in  action  day  and  night,  six  weeks 
elapsed  before  the  absorption  was  completed.  On  another  occasion, 
M'hen  the  action  was  accelerated  by  violent  agitation  of  the  liquid 
for  several  hours  each  day,  the  zincethyl  was  saturated  in  about  a 
fortnight.  It  was  evident  that  such  a  process  was  little  calculated 
for  the  production  of  considerable  quantities  of  the  new  compound, 
and  recourse  was  therefore  had  to  mechanical  means  in  order  to 
expedite  and  facilitate  the  o})eration.  Fig.  1  is  from  a  photograph 
of  the  apparatus  employed  for  this  purpose,  and  as  it  will  no 
doubt  prove  useful  in  other  cases  for  experiments  with  sparingly 
soluble  gases,  I  will  describe  it  somewhat  in  detail.  A  is  a 
copper  digester  similar  to  the  one  I  have  already  described  for 
the  preparation  of  zincethyl'^;  into  the  aperture  b  is  screwed 
the  stopcock  c,  to  which  can  be  attached  at  pleasure  the  con- 
densing syringe  D  made  of  gun-metal,  13  inches  long  and 
0"7  inch  in  diameter.  In  this  syringe  a  solid  steel  piston  If  inch 
deep  works  air-tight,  and  the  piston-rod  passes  through  a  stuflSng- 
box  /.  The  syringe  is  supplied  with  gas  through  the  nozzle  e, 
to  which  a  flexible  tube  is  attached.     When  the   stopcock   c  is 

*  Phil.  Trans.,  cxlv,  261. 
VOL.    XI.  G 
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Hosed,  the  elevation  of  tlie  piston  produces   a  vacuum,   whicli  is 

instantly  filled  with  gas,  so 
soon  as  the  piston  has  passed 
the  nozzle  e.  Between  e  and/ 
the  interior  of  the  syringe  is 
grooved  longitudinallvjSO  as  to 
prevent  any  compression  of  gas 
behind  the  piston,  when  it  is 
drawn  up  to/.  On  forcing  down 
the  piston  and  opening  the 
stopcock  c,  it  is  obvious  that 
the  gas  occupying  the  syringe 
from  e  to  c  will  be  forced 
into  A.  By  repeating  this 
process,  it  is  not  difficult  for 
a  single  operator  to  compress 
about  twenty  atmospheres  into 
A;  such  a  degree  of  compres- 
sion exerting  upon  the  piston 
a  pressure  of  about  114  lbs. 

In  each  operation  about 
three  ounces  of  zincethyl  in 
ethereal  solution  was  placed 
in  the  copper  cylinder  A,  and 
the  condensing  syringe  being 
attached,  about  twenty  atmo- 
spheres of  dry  binoxide  of 
nitrogen  were  introduced;  the  syringe  was  unscrewed  and  the 
the  cylinder  A  agitated  fur  two  or  three  minutes  by  rolling  upon 
the  floor  or  otherwise;  at  the  end  of  which  operation,  the  pressure 
within  A  was  found  to  be  reduced  to  three  or  four  atmospheres ; 
the  process  of  condensation  and  agitation  being  repeated  five  or 
six  times,  the  copper  cylinder  becomes  so  much  heated  as  to 
require  immersion  in  cold  water  for  a  few  minutes.  At  this  stage 
of  the  process  it  is  also  desirable  to  allow  the  residual  gas  in  A 
to  escape. 

This  residual  gas  consists  principally  of  protoxide  of  nitrogen  and 
hydride  of  ethyl;  the  latter  derived  from  the  decomposition  of 
zincethyl  by  a  trace  of  aqueous  vapour  introduced  with  the  binoxide 
of  nitrogen.  By  repeating  the  above  series  of  operations  six  or 
eight  times,  the  zincethyl  becomes  satiu^ated  and  the  process  is 
completed.  If  it  be  desired  to  obtain  the  crystalline  compound 
in  a  state  of  perfect  purity,  it  is  better  to  place  the  zincethyl  in  a 
wide  glass  tube  open  at  top  and  fitting  into  A ;  but  in  this  case  very 
moderate  agitation  only  can  be  used,  and  consequently  the  absorp- 
tion takes  place  more  slowly,  and  the  operation  requires  two  or 
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three  days  for  its  completion.  It  is^  however,  rarely  necessary 
to  have  recourse  to  this  modification  of  the  process. 

At  the  conclusion  of  an  operation  conducted  as  above,  with  the 
intervention  of  a  ^lass  tube,  the  contents  of  the  latter  consisted  of 
a  mass  of  colourless  crystals  immersed  in  an  ethereal  solution; 
the  latter  was  poured  off  and  the  former  were  freed  from  ether,  by 
plunging  the  tube  in  a  water-bath  at  90°  C.  and  passing  through  it 
a  stream  of  dry  carbonic  acid.  The  resulting  crystalline  mass 
attracted  oxygen  from  the  air  with  such  avidity,  as  to  burst  into 
flame  when  any  considerable  quantity  was  freely  exposed;  it  Avas 
also  instantly  decomposed  by  water,  and  was  therefore  transferred 
at  once  into  small  glass  tubes,  which  were  then  immediately  sealed 
hermetically. 

The  results  of  the  analyses  prove  that  the  new  body,  is 
formed  by  the  union  of  an  equal  number  of  atoms  of  zincethyl 
and  binoxide  of  nitrogen;  but  from  considerations  given  below, 
the  above  formula  requires  to  be  doubled,  and  I  shall  presently 
show  that  the  body  is  a  compound  of  zincethyl  with  the  zinc  salt 
of  a  new  acid,  for  which  I  propose  the  name  Vmitroethylic  acid. 
Its  formula  is  therefore 

N2C4H50,Zn  +  ZnC,H5. 

This  compound  is  produced  from  zincethyl  and  binoxide  of 
nitrogen,  according  to  the  following  equation  : — 

^^2N6f '^}  =NAH50,Zn  +  ZnC,H5. 

Dinitroethylate  of  zinc  and  zincethyl  is  deposited  from  its 
ethereal  solution  in  large  colourless  and  transparent  rhomboidal 
crystals,  which  instantly  become  opaque  on  exposure  to  the  air, 
owing  to  the  formation  of  an  oxidized  product.  These  crystals 
are  tolerably  soluble  in  anhydrous  ether  without  decomposition, 
but  they  are  instantly  decomposed  by  anhydrous  alcohol  and  by 
water.  Exposed  to  the  gradually  increasing  heat  of  an  oil-bath, 
dinitroethylate  of  zinc  and  zincethyl  fuses  at  100°  C,  froths  up 
and  begins  slowly  to  evolve  gas.  At  180°  C.  the  colour  darkens, 
and  a  small  quantity  of  a  yellowish  liquid  of  a  penetrating  odour, 
free  from  zincethyl,  and  possessing  a  very  powerful  alkaline 
reaction,  distils  over.  This  liquid,  neutralized  Avith  hydrochloric 
acid  and  treated  with  bichloride  of  platinum,  yielded  a  splendidly 
crystalline  platinum  salt,  which  was  obtained,  however,  in  too 
small  quantity  to  allow  of  its  composition  being  determined. 
From  180°  to  190°  C,  dinitroethylate  of  zinc  and  zincethyl  evolved 
gas  very  rapidly,  and  the  experiment  was  then  interrupted.  The 
gas  consisted  of  18"4  per  cent,  carbonic  acid,  23"66  per  cent, 
defiant  gas,  and  57*9 i  per  cent,  of  a  mixture  of  hydride  of  ethyl, 
nitrogen,  and  protoxide  of  nitrogen. 
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When  brought  into  contact  with  water,  dinitroethylate  of  zinc 
and  zincethyl  is  immediately  decomposed  with  lively  effer- 
vescence. A  large  quantity  of  inflammable  gas  is  evolved,  and  a 
white  flocculent  substance  formed.  At  the  conclusion  of  the 
reaction,  the  latter  dissolves  almost  completely,  forming  an 
opalescent  solution  resembling  milk,  possessing  a  powerfully 
alkaline  reaction  and  a  peculiarly  bitter  taste. 

In  order  to  ascertain  the  exact  nature  of  the  gas  evolved  in  this 
reaction,  some  crystals  of  dinitroethylate  of  zinc  and  zincethyl 
were  passed  up  into  an  inverted  receiver  filled  with  mercury,  and 
were  then  brought  into  contact  with  a  small  quantity  of  water. 
The  gas  thus  collected  over  mercury  possessed  an  ethereal  odour, 
burnt  with  a  slightly  luminous  flame,  and  was  completely  soluble 
in  an  equal  volume  of  alcohol.  It  was  perfectly  neutral,  and 
underwent  no  change  on  being  treated  successively  with  caustic 
potash  solution  and  dilute  sulphuric  acid. 

The  specific  gravity  of  the  gas  was  found  to  be  1*0515,  which, 
togetlier  with  the  results  of  its  eudiometrical  analysis,  show  it  to 
be  pure  hydride  of  ethyl. 

On  submitting  the  milky  solution,  formed  by  the  decomposition 
of  dinitroethylate  of  zinc  and  zincethyl  in  water,  to  a  stream  of 
carbonic  acid,  a  copious  precipitate  of  carbonate  of  zinc,  free  from 
organic  matter,  was  thrown  down:  the  liquid  was  then  heated  to 
boiling  and  flltei'cd.  The  filtrate,  evaporated  almost  to  dryness  in 
a  water-bath,  yielded  a  white,  radiated,  crystalline  mass,  which, 
after  being  reduced  to  powder,  pressed  between  blotting-paper, 
and  dried  over  sulphuric  acid,  was  submitted  to  analysis,  the  results 
of  which  correspond  with  the  formula 

2(N2C^H50,Zn)  +  IIO. 

The  composition  of  this  body  proves  that  the  action  of  water 
upon  dinitroethylate  of  zinc  and  zincethyl  consists  in  the  trans- 
formation of  the  zincethyl  into  oxide  of  zinc  and  hydride  of 
ethyl,  thus 

N AH AZn  +  C,H  Znl  ^  fS^^J'H^o.Zn 
^'^J         LZnO. 

The  neutral  dinitroethylate  of  zinc,  however,  thus  set  at  liberty, 
immediately  unites  with  a  second  equivalent  of  oxide  of  zinc,  to 
form  the  basic  salt  N2C^H504Zn-{-ZnO,  which  is  decomposed  by 
carbonic  acid  into  carbonate  of  zinc  and  the  neutral  salt. 

Dinitroethylate  of  zinc  crystallizes  with  half  an  equivalent  of 
water,  which  is  expelled  at  100°  C,  the  loss  in  drying  being  3"98 
per  cent,  and  3*75  per  cent,  respectively,  whilst  the  theoretical 
number  is  3' 5  7. 

Dinitroethylate  of  zinc  is  also  produced  by  the  direct  oxidation 
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of  dinitroetliylate  of  zinc  and  zincethyl  in  a  stream  of  dry  air, 
cthylate  of  zinc  being  at  the  same  time  formed :  tiie  completion  of 
the  oxidation  is  known  by  the  product  ceasing  to  effervesce  in 
contact  with  water.  This  reaction  is  expressed  by  the  following 
equation : — 

N^C.HgO^Zn  +  CJIgZnl  _  rN^C.H^O.Zn 
0.J  -  tZnCC^H^O. 

When  this  prodr.ct  is  treated  with  water^  alcohol  and  bibasic 
dinitroethylate  of  zinc  are  produced, 

^ZnOC^/ol  -  JNAHaO.Zn  +  ZnO 

One  of  the  equivalents  of  base  being  removed  by  carbonic  acid, 
the  filtered  solution  of  the  neutral  salt  thus  obtained  was  evapo- 
rated to  crystallization,  and  the  crystals  heated  to  100°  for  some 
time;  at  this  temperature  they  fused  and  afterwards  solidified  in 
cooling  to  a  gummy  mass,  which  analysis  proved  to  be  the  anhy- 
drous dinitroethylate  of  zinc. 

Finally,  dinitroethylate  of  zinc  and  zincethyl  is  produced  by 
adding  an  ethereal  solution  of  zincethyl  to  anhydrous  ditiitrocthy- 
late  of  zinc,  and  corresponding  compounds  appear  to  be  formed 
under  similar  circumstances,  with  other  salts  of  dinitroethylic  acid. 
These  compounds  are  evidently  of  the  same  nature  as  that  pro- 
duced by  the  union  of  zincethyl  with  iodide  of  zinc,  Avhich  is 
formed  in  such  large  quantity  during  the  preparation  of  zincethyl. 

Dinitroethylate  of  zinc  crystallizes  in  minute  colourless  needles 
containing  half  an  equivalent  of  water,  which  they  retain  when 
exposed  over  sulphuric  acid  in  vacuo.  They  fuse  below  100°  C, 
and  gradually  become  anhydrous  at  this  temperature.  They  are 
very  soluble  in  water  and  in  alcohol.  The  concentrated  aqueous 
solution  solidifies  on  cooling  to  a  white  fibrous  crystalline  mass. 
Heated  suddenly  in  air  to  a  temperature  of  about  300°,  this  salt 
does  not  deflagrate,  but  it  inflames,  burning  rapidly  with  a 
beautiful  bluish-green  flame.  When  dry  dinitroethylate  of  zinc  is 
treated  with  concentrated  sulphuric  acid,  and  the  vessel  containing 
those  ingredients  is  placed  in  a  freezing  mixture,  dinitroethylic 
acid  is  liberated ;  but  it  is  so  imstable,  that  when  the  temperature 
rises  a  few  degrees,  it  begins  to  effervesce  violently,  and  is  rapidly 
decomposed  with  evolution  of  gases  and  white  vapours.  A 
dilute  solution  is  somewhat  more  stable  ;  it  may  be  prepared,  either 
by  decomposing  a  dilute  solution  of  dinitroethylate  of  zinc  with 
dilute  sulphuric  acid  and  then  distilling  in  vacuo,  or  by  adding  to 
a  dilute  solution  of  the  baryta  salt  just  sufficient  sulphuric  acid  to 
precipitate  the  base.  Dilute  dinitroethylic  acid  thus  prepared 
possesses  a  pungent  odour,  somewhat  resembling  that  of  the  nitro- 
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fatty  acids,  and  an  acid  taste.     It  reddens  litmus-paper  strongly 
and  gradually  decomposes,  even  at  ordinary  temperatures. 

The  acid  procured  by  distillation  in  vacuo  being  treated  with 
carbonate  of  silver,  the  latter  dissolved  with  evolution  of  carbonic 
acid.  The  filtered  solution,  evaporated  over  sulphuric  acid,  depo- 
sited light  flocculent  crystals  of  dinitroethylate  of  silver,  wliicli 
blackened  rapidly.  They  gave,  by  treatment  with  nitric  acid  and 
subsequent  ignition,  55  "85  per  cent,  of  metallic  silver.  The 
formula  N2C4H504Ag  requires  54-82  per  cent.  Another  por- 
tion of  the  dilute  acid,  procured  by  the  decomposition  of  the 
baryta -salt  as  described  above,  was  saturated  with  magnesia, 
evaporated  to  dryness,  and  the  residue  treated  with  strong  alcohol. 
The  filtered  alcoholic  solution,  which  contained  no  trace  of  sul- 
phuric acid,  gave,  on  evaporation,  dinitroethylate  of  magnesia, 
which,  by  treatment  with  nitric  acid  and  ignition,  yielded  19'61 
per  cent,  of  magnesia.  The  formula  N2C4H504Mg  requires 
1980  per  cent. 

The  salts  of  dinitroethylic  acid  are  all  soluble  in  water  and 
alcohol,  and  most  of  them  crystallize  with  more  or  less  difficulty. 
They  fre  all  violently  acted  upon  by  concentrated  nitric  acid,  the 
dinitroethylic  acid  being  entirely  decomposed  and  a  nitrate  of  the 
constituent  base  produced.  Dilute  nitric  acid  acts  in  the  same 
manner,  but  more  slowly.  They  all  fuse  at  a  temperature  a  little 
above  100°  C.  The  potash,  soda,  lime,  and  baryta-salts  deflagrate 
explosively,  like  loose  gunpowder,  at  a  temperature  considerably 
beloAV  redness. 

Dhntroethylate  of  Baryta. — N2C4H50^Ba.  This  salt  is  pro- 
duced by  adding  caustic  baryta  in  excess  to  a  solution  of  dini- 
troethylate of  zinc,  carbonic  acid  being  passed  through  the  solu- 
tion until  the  excess  of  baryta  is  precipitated.  It  is  then  treated 
with  sulphuretted  hydrogen  to  remove  a  trace  of  oxide  of  zinc, 
which  is  still  held  in  solution.  After  being  heated  to  boiling  for  a 
few  minutes,  and  then  filtered,  the  solution  is  concentrated  by 
evaporation,  and  finally  dried  down  to  a  gummy  mass,  which  does 
not  crystallize  on  cooling.  This  is  anhydrous  dinitroethylate  of 
baryta. 

Dinitroethylate  of  baryta  is  uncrystallizable,  very  deliquescent, 
and  very  soluble  in  water.     Its  sokition  reacts  perfectly  neutral. 

Dinitroethi/Uc  Ether. — Several  attempts  were  made  to  prepare 
this  compound  by  the  usual  methods  of  etherification,  but  with 
only  very  partial  success.  When  crystallized,  dinitroethylate  of 
lime  is  distilled  with  sulphovinate  of  potash,  alcohol  comes  over 
mixed  with  an  ethereal  liquid  which  dissolves  in  water,  but  sepa- 
rates again  on  the  addition  of  chloride  of  calcium,  in  the  form  of 
oily  drops  of  a  peculiar  ethereal  odour.  I  only  succeeded,  however, 
in  obtaining  such  miiiute  quantities  of  this  body,  as  to  preclude  the 
possibility  of  fixing  its  composition. 
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Dinitroethylate  of  Lime, — N2C4H504Ca4-3HO.  This  salt  is 
readily  prepared  by  treating  solution  of  dinitroethylate  of  zinc  with 
excess  of  hydrate  of  lime,  passing  carbonic  acid  through  the  solu- 
tion, and  then  heating  to  boiling  for  a  fe\v  minutes.  The  filtered 
solution  deposits,  on  evaporation,  beautiful  silky  needles  of  dini- 
troethylate of  lime,  which  contain  three  atoms  of  water,  two  of 
which  are  expelled  at  100°  C.  An  estimation  of  lime  in  this  salt 
gave  20*76  per  cent. ;  the  above  formula  requires  20"o9  per  cent. 

Dinitroethylate  of  Silver  is  produced  by  double  decomposition 
from  dinitroethylate  of  baryta  and  sulphate  of  silver.  It  is  very 
soluble  in  water,  crystallizes  in  very  light  scales,  and  is  so  speedily 
decomposed,  even  -svith  little  exposure  to  light,  that  no  satisfactory 
analysis  could  be  made. 

Double  Nitrate  and  Dinitroethylate  of  Silver. — AgONOg  + 
AgON2C^H503.  This  salt  is  very  sparingly  soluble  in  water;  it  is 
precipitated  iu  a  crystalline  granular  form  when  concentrated 
solutions  of  dinitroethylate  of  zinc  and  nitrate  of  silver  are  mixed. 

Dinitroethylate  of  Copper. — 2(N2C4H5CuO^) +  H0.  This  salt 
is  prepared  by  mixing  solutions  of  dinitroethylate  of  baryta  and 
sulphate  of  copper.  The  filtered  solution  is  of  a  magnificent  purple 
colour ;  on  evaporation  in  vacuo  it  yields  splendid  purple  needles^ 
which  contain  half  an  equivalent  of  water,  and  may  be  obtained 
several  inches  in  length  ;  they  are  four-sided  prisms. 

Dinitroethylate  of  Magnesia,  N2C^H5MgO^.  —  Prepared  by 
treating  the  solution  of  dinitroethylate  of  zinc  with  excess  of 
caustic  magnesia,  boiling  and  filtering.  The  filtered  solution,  con- 
centrated in  a  Avater-bath,  yielded  granular  crystals,  which  fuse  at 
100°  C.  and  dry  up  to  a  solid  amorphous  mass.  This  is  the 
anhydrous  salt, 

Dinitroethylate  of  Soda,  N2C^H504Na. — Prepared  by  precipi- 
tating dinitroethylate  of  lime  with  carbonate  of  soda,  and  evapo- 
rating the  filtrate  in  a  water-bath.  The  residue  being  treated  with 
strong  alcohol,  the  dinitroethylate  of  soda  dissolves,  and  is  thus 
separated  from  the  excess  of  carbonate  of  soda.  The  alcoholic 
solution  evaporated  to  dry^iess  in  a  water-bath,  jaelded  minute 
scaly  crystals,  which  were  anhydrous. 

Products  of  the  Deconposition  of  Dinitroet hylic  Acid. 

I  have  stated  that  when  dinitroethylic  acid  is  liberated  from  its 
salts,  by  the  addition  of  concentrated  sulphiu'ic  acid,  it  is  rapidly 
decomposed,  even  at  0°  C.  I  have  examined  the  products  of  this 
decomposition  in  the  case  of  the  lime-salt,  with  the  following 
results.  A  quantity  of  crystals  of  dinitroethylate  of  lime  in  coarse 
powder  was  placed  in  an  apparatus,  in  which  it  could  be  gTadually 
decomposed  by  concentrated  sulphuric  acid,  the  gaseous  products 
collected,  and  their  weight  accurately  ascertained.     The  rapidity 
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of  decomposition  was  moderated  by  the  external  application  of  cold 
water.  At  the  conclusion  of  the  decomposition,  it  was  found  that 
the  weight  of  the  gaseous  products  evolved  was  equal  to  30'6  per 
cent,  of  the  weight  of  the  lime-salt  employed.  The  weight  of 
gaseous  products  is  therefore  almost  exactly  one-half  of  the  weight 
of  the  anhydrous  acid  contained  in  the  lime-salt  (59'6  per  cent.). 
The  liquid  and  solid  products  of  the  operation  contained  sulphate 
of  lime,  sulphovinate  of  lime,  and  sulphate  of  ammonia  or 
ethylamine.  These  gaseous  products,  after  streaming  through 
concentrated  sulphuric  acid,  were  collected  over  mercury  and  sub- 
mitted to  eudiometrical  investigation.  The  specific  gravity  was 
found  to  be  1-3601. 

The  mean  percentage  composition  of  the  gas,  was : 

Binoxide  of  nitrogen  .          .  .       8-90 

Olefiant  gas 24-24 

Protoxide  of  nitrogen        .  .  .     60-65 

Nitrogen  .         .         .         .         .6-21 


1000 


This  result  is  confirmed  by  the  specific  gravity  of  the  gas,  as  is 
seen  from  the  following  calculations: — 

Per  cent.    Specific 

amount,    gravity. 

Binoxide  of  nitrogen  .         .        .       8-90   x  1-0365=  9-2249 

Protoxide  of  nitrogen          .         .     60-65    x  1-5202=  92-2001 

Nitrogen 6-211        .r,^„,  on  ^c>7o 

Olefiant  gas        .        .        -        .     24-24^    ^^'^=  29^ 


=  1-3088 


100-00                      130^8823 
100 
Found  by  experiment 13601 


I  had  anticipated  that  the  decomposition  of  dinitroethylate  of 
lime  by  sulphuric  acid  would  yield  either  protoethide  of  nitrogen 
(NC4H5)  or  ethoprotoxide  of  nitrogen  (NC^HgO),  but  the  action 
of  the  concentrated  acid  evidently  proceeds  too  far  for  the  produc- 
tion of  this  result.  Further  experiments  must  decide  whether  or 
not  the  employment  of  a  more  dilute  acid  for  the  decomposition 
will  lead  to  the  production  of  one  of  these  compounds. 

Action  of  Zincmethyl  upon  Binoxide  of  Nitrogen. 

D'mitromethylate  of  Zinc  and  Zincmethyl. — Zincmethyl  absorbs 
binoxide  of  nitrogen  much  more  slowly  than  zincethyl  takes  up  the 
same  gas ;  nevertheless  at  the  ordinary  atmospheric  pressure,  the 
two  bodies  gradually  unite  and  form  colourless  crystalline  needles, 
closely  resembling,  in  all  their  reactions,  the  dinitroethylate  of 
zinc  and  zincethyl.     I  have  made  no  analyses  of  this  body,  but 


ACIDS   CONTAINING   NITROGEN.  89 

considering  the  homology  existing  between  zincethyl  and  zinc- 
methyl,  together  with  the  product  of  its  decomposition  by  water, 
there  can  scarcely  be  a  doubt  that  it  is  dinitromethylate  of  zinc 
and  zincmethyl,  and  that  its  formula  is 

N2C2H304Zn  +  C2H3Zn. 

It  rapidly  oxidizes  in  the  air,  and  takes  fire  when  exposed  in 
considerable  quantity.  It  is  instantly  decomposed  by  water, 
giving  light  carburetted  hydrogen  and  an  opalescent  solution  of 
basic  dinitromethylate  of  zinc. 

N2C2H30,Zn  +  C2H3Zn  1       /  C2H3,H 

HO  f  ~  \  N2C2H30^Zn  +  ZnO. 

Dinitromethylate  of  Zinc,  N2C2H304Zn  +  HO. — A  quantity  of 
the  dinitromethylate  of  zinc  and  zincmethyl  was  prepared  by  the 
action  of  compressed  binoxide  of  nitrogen  upon  zincmethyl,  in  the 
strong  copper  vessel  above  described.  The  resulting  crystalline 
compound  was  decomposed  by  water,  and  the  opalescent  solution 
being  treated  with  carbonic  acid,  boiled,  and  filtered,  yielded,  on 
evaporation,  minute  crystals  of  dinitromethylate  of  zinc. 

Dinitromethylate  of  Soda,  N2C2H304Na  +  2HO.— This  salt  is 
formed  by  treating  a  solution  of  dinitromethylate  of  zinc  with  car- 
bonate of  soda,  evaporating  to  dryness,  and  treating  the  residue 
with  strong  alcohol.  Dinitromethylate  of  soda  dissolves,  and  the 
filtered  solution,  on  evaporation,  deposits  crystals,  which,  after 
drying  at  100°  C,  yielded  25"83  per  cent,  of  soda;  the  above 
formula  requires  26'72  per  cent.  Dinitromethylate  of  soda,  is 
very  soluble  both  in  water  and  alcohol ;  it  deflagrates  violently 
when  heated,  and  in  other  respects  closely  resembles  the  cor- 
responding salt  of  dinitrocthylic  acid. 

These  determinations,  although  very  imperfect  and  incomplete, 
establish  the  existence  of  a  class  of  salts  containing  dinitromethylic 
acid,  homologous  with  the  dinitroethylates  ;  and  there  can  be 
little  doubt  that  the  zinc  compounds  of  the  other  alcohol-radicals 
will  yield  corresponding  acids,  when  treated  with  binoxide  of 
nitrogen. 

It  is  difficult  to  form  any  satisfactory  hypothesis  relative  to  the 
rational  constitution  of  this  series  of  acids  :  they  may  be  regarded 
as  belonging  to  the  type  of  nitrous  acid  containing  a  double 
atom  of  nitrogen,  and  in  which  one  atom  of  oxygen  has  been 
replaced  by  an  alcohol  radical,  thus — 

o 
o 

or  they  may  be  viewed  as  constructed   upon  the  hyponitrous  acid 
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type,  one  equivalent  of  oxygen  being  replaced  by  an  alcohol  radical, 
and  a  second  atom  by  binoxide  of  nitrogen,  thus — 

io 

Without  attaching  much  value  to  either  hypothesis,  I  prefer 
the  latter. 

By  analogovxs  processes,  there  can  be  little  doubt  that  many  ne^v 
series  of  organic  acids  may  be  derived  from  inorganic  acids,  by  the 
replacement  of  one  or  more  atoms  of  oxygen  by  an  alcohol-radical ; 
in  fact,  my  pupil  INIr.  Hobson  is  now  studying  a  new  series  con- 
taining sulphur,  produced  by  the  action  of  zincethyl  and  its 
homologues  upon  sulphurous  acid :  the  ethyl  acid  of  this  series  is 
formed  by  the  replacement  of  one  equivalent  of  oxygen,  in  three 
equivalents  of  sulphurous  acid,  by  an  alcohol-radical, 

The  following  Table  exhibits  the  compounds  of  the  new  series 
of  acids,  which  have  been  described  in  the  foregoing  pages  ; 


Dinitroethylic  acid  .... 
Dinitroethylate  of  silver  . 
Dinitroethylate  of  copper 
Dinitroethylate  of  zinc  (crj'stallized) 
Dinitroethylate  of  zinc  (anhydrous) 
Dinitroethylate  of  baryta 
Dinitroethylate  of  lime  . 
Dinitroethylate  of  magnesia    . 
Dinitroethylate  of  soda    . 
Double  nitrate  and  dinitroethylate  of  silver 
Dinitroethylate  of  zinc  and  zincethyl 


Formulse. 

N,C,H.,0,Ag. 

2(K,C,H,0,Cu)  +  H0. 

2(N.;c^H50,Zn)  +  HO. 

N„CJH,0,Zn. 

N.'C^HjO.Ba. 

N;C,H,0,Ca  +  3H0. 

N.X.H.O^Mg. 

NlC.HjO.Na. 

NOgAg  +  N.CjHsO^Ag. 

N„C^HjO,Zn  +  C^H^Zn. 


Dinitromethylic  acid       .         .         .         , 
Dinitromethylate  of  zinc 
Dinitromethylate  of  soda 
Dinitromethylate  of  zinc  and  zincmethyl 


K,aH,0,H. 
N."C.'H,0,Zn  +  Ho. 
N.^C.H^O^Na  +  2H0. 
N;c:,H30^Zn  I-  CjHsZn. 


On  some  new  Compounds  of  Silicon,'^ 

By  F.  Wohler  and  H.  Buff. 

Siticiuretted  Hydrogen. — A  gaseous  compound  of  silicon  and 
hydrogen  is  produced  when  a  bar  of  aluminium  containing  silicon 
is  connected  with  the  positive  pole  of  a  Bunsen's  battery  of  8  to 
12  cells,  and  made  to  dip  into  a  solution  of  chloride  of  sodium. 
The  aluminium  then  dissolves  in  the  form  of  chloride,  a  consider- 
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able  quantity  of  gas  is  evolved  at  its  surface,  and  many  of  the 
gas-bubbles,  as  they  escape  into  the  air,  take  fire  spontaneously, 
burning  with  a  white  light  and  diffusing  a  white  fume.  When  the 
gas  is  collected  in  a  tube  over  water,  and  bubbles  of  oxygen  passed 
up  into  it,  each  successive  bubble  produces  at  first  a  brilliant 
white  light  and  a  copious  white  fume ;  but  this  effect  gradually 
diminishes  in  intensity,  and  at  last  the  remaining  gas  will  no 
longer  burn  spontaneously  by  contact  with  oxygen.  This  residual 
gas  is  hydrogen ;  the  spontaneously  inflammable  gas,  which  forms 
but  a  small  portion  of  the  mixture,  is  siliciuretted  hydrogen. 
When  the  gaseous  mixture  is  made  to  escape  from  a  glass  jar 
provided  with  a  stop-cock,  it  burns  in  a  jet,  and  deposits  silica 
round  the  orifice.  A  piece  of  white  porcelain  held  in  the  flame, 
becomes  stained  with  a  brown  deposit  of  silicon ;  and  if  the  gas 
be  made  to  pass  through  a  narrow  glass  tube,  and  heated  till  the 
glass  softens,  a  deposit  of  silicon  is  likewise  obtained,  and  the  gas 
which  issues  from  the  tube  is  no  longer  spontaneously  inflam- 
mable.    The  compound  has  not  yet  been  analysed  quantitatively. 

The  formation  of  siliciuretted  hydrogen  appears  to  be  due  to 
a  secondary  action  accompanying  the  electrolysis  of  the  saline 
solution.  The  aluminium,  forming  the  positive  pole  of  the  battery, 
combines  with  the  chlorine  and  dissolves;  but  the  quantity  of 
aluminium  removed  is  about  one-fourth  greater  than  that  which 
is  equivalent  to  the  quantity  of  chlorine  eliminated  from  the 
solution.  This  excess  of  aluminium  is  found  to  be  removed  in  the 
form  of  alumina,  uniting  with  oxygen  derived  from  the  water  of 
the  solution.  The  equivalent  quantity  of  hydrogen  is  of  course 
evolved,  and  part  of  it  enters  into  combination  with  the  silicon 
contained  in  the  akiminium.  The  compound  has  not  yet  been 
obtained  by  a  purely  chemical  reaction ;  but  it  has  been  observed 
that  the  hydrogen  evolved  when  aluminium  dissolves  in  hydro- 
chloric acid,  burns  with  a  brighter  flame  than  pure  hydrogen,  and 
yields  a  small  deposit  of  silica. 

Chloride  of  Silicon  and  Hydrogen.  SigClg,  2HC1. — This  com- 
pound is  obtained  by  heating  crystalline  silicon  to  a  temperature 
somewhat  below  redness  in  a  stream  of  hydrochloric  acid  gas. 
The  silicon  in  fine  powder  is  disposed  throughout  the  entire 
length  of  a  long  glass  tube,  one  end  of  which  is  connected  with 
an  apparatus  for  evolving  dry  hydrochloric  acid  gas,  while  to  the 
other  is  attached  a  long-legged  U-tube,  cooled  by  a  mixture  of  ice 
and  salt,  and  fitted  with  an  escape  tube,  having  its  aperture 
widened  like  a  funnel,  and  dipping  into  a  large  vessel  of  ice-cold 
water. 

As  soon  as  the  apparatus  is  filled  with  hydrochloric  acid  gas, 
the  tube  is  surrounded  with  hot  coals,  and  heated  to  a  temperature 
short  of  visible  redness;  at  a  higher  temperature,  the  ordinary 
terchloride  of  silicon  would  be  formed.     Tiie  hydrochloric  acid  is 
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then  decomposed;  bubbles  of  inflammable  hydrogen  gas  pass 
through  the  water,  and  at  the  same  time  a  white  substance,  which 
is  a  new  oxide  of  silicon,  is  separated,  being  produced  by  the 
action  of  the  water  on  a  portion  of  the  chloride  of  silicon  and 
hydrogen,  which  is  carried  forward  with  the  stream  of  hydrogen. 

At  the  end  of  the  operation,  the  U-tube  is  found  to  contain  a 
turbid  liquid,  which  is  the  chloride  of  silicon  and  hydrogen,  mixed 
with  other  compounds.  When  subjected  to  fractional  distillation 
it  begins  to  boil  at  about  28°  or  30°  C,  the  temperature,  however, 
quickly  rising  to  between  40°  and  43°,  between  which  limits  the 
largest  portion  of  the  product,  which  is  the  chloride  of  silicon  and 
hydrogen,  passes  over.  The  temperature  ultimately  rises  to  60°, 
and  on  one  occasion  it  rose  to  92°. 

Chloride  of  silicon  and  hydrogen  is  a  colourless,  very  mobile 
liquid,  which  has  a  very  pungent  odour,  fumes  strongly  in  the  air, 
and  covers  everything  around  it  with  a  white  film.  Its  boiling 
point  is  about  42°;  specific  gravity  1'65.  It  does  not  conduct 
electricity.  Its  vapour  is  as  inflammable  as  ether-vapour,  and 
burns  Avith  a  faintly  luminous,  greenish  flame,  difi'using  vapours  of 
silica  and  hydrochloric  acid.  When  a  few  drops  of  the  liquid  are 
passed  up  into  oxygen  gas  in  an  eudiometer  tube  over  mercury, 
and  left  to  evaporate,  a  gaseous  mixture  is  formed,  which  explodes 
violently  when  an  electric  spark  is  passed  through  it,  producing  a 
white  flame  and  covering  the  inner  surface  of  the  tube  with  a 
white  film  of  silicic  acid.  The  residual  gas  consists  of  hydrochloric 
acid  and  terchloride  of  silicon,  the  compound  having  given  up 
half  its  silicon  to  form  silicic  acid. 

The  vapour  passed  through  a  narrow  red-hot  tube  is  quickly 
decomposed  into  amorphous  silicon,  which  coats  the  inside  of  the 
tube  with  a  browai  specular  deposit,  and  a  mixture  of  hydrochloric 
acid  and  terchloride  of  silicon.  Hence  the  necessity  of  keeping 
the  heat  below  redness  during  the  preparation.  When  the  vapour 
is  passed  over  aluminium  in  the  state  of  fusion,  it  is  very  easily 
decomposed,  hydrogen  being  set  free,  chloride  of  aluminium 
subliming,  and  the  remainder  of  the  aluminium  becoming  covered 
with  a  loose  crust  of  crystallized  silicon.  The  tube  is  at  the  same 
time  coated  internally  with  amorphous  silicon,  in  consequence  of 
part  of  the  compound  being  decomposed  merely  by  the  heat,  in 
the  manner  above  described. 

In  contact  with  water,  the  compound  is  instantly  decomposed, 
with  great  rise  of  temperature,  yielding  hydrochloric  acid  and 
hydrated  sesquioxide  of  silicon  (p.  93).  If  a  small  dish  full  of 
the  liquid  chloride  be  placed  over  a  surface  of  water,  and  the  wliole 
covered  with  a  bell-jar,  the  liquid  quickly  disappears,  and  the 
surface  of  the  water  becomes  covered  with  a  thick  crust  of  the 
oxide. 

The  vapour  of  the  chloride  is  rapidly  absorbed  by  alcohol  and 
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ether,  without  separation  of  oxide.  The  solutions  fume  in  the  air, 
and  when  left  to  evaporate  over  sulphuric  acid  and  hydrate  of 
lime,  they  leave  a  partly  eartliy,  partly  translucent  oxide,  which 
appears  to  contain  an  ethyl-compound  (silicic  ether?).  The 
alcoholic  solution  solidifies  after  a  while  into  a  translucent  jelly. 

The  preceding  reactions  sufficiently  indicate  the  composition 
of  the  new  chloride,  which  is  further  confirmed  by  the  analysis, 
giving  as  a  mean  result,  19'14  p.  c.  siUcon  and  80'98  p.  c.  chlorine, 
while  the  formula  Si2Cl3,  2HC1  requires  19-18  Si.  and  79-92  Ch 

Bromide  of  Silicon  and  Hydrogen.  Si2Br3,  2HBr. — Prepared 
like  the  chloride.  It  is  at  first  coloured  yellow  by  free  bromine, 
but  may  be  decolorised  by  means  of  mercury. 

It  is  a  colourless  liquid  which  fumes  very  strongly  in  the  air. 
Its  specific  gravity  is  approximately  2-5.  When  immersed  in 
water,  it  is  decomposed  like  the  chloride,  but  immediately 
becomes  covered  with  a  coat  of  oxide,  which  for  a  while  protects  it 
from  further  decomposition. 

Iodide  of  Silicon  and  Hydrogen.  Sijig  .  2 HI. — Prepared  like 
the  chloride  and  bromide,  excepting  that  there  is  no  necessity  for 
a  receiver,  inasmuch  as  the  iodide,  being  less  volatile  and  solid  at 
ordinary  temperatures,  condenses  at  the  cool  end  of  the  tube  in 
which  the  decomposition  takes  place. 

It  forms  a  dark  red,  brittle  mass,  which  fumes  strongly  in  the 
air,  its  colour  then  changing,  first  to  bright  vermilion-red,  and 
ultimately  to  snow-white.  It  melts  easily,  and  solidifies  in  the 
crystalline  form  on  cooling.  At  a  higher  temperature,  it  boils  and 
distils  over.  In  the  state  of  vapour  it  appears  to  be  colourless. 
In  water  it  instantly  assumes  a  vermilion-red  colour,  and  is  slowly 
decomposed.  Bisulphide  of  carbon  dissolves  it  in  larger  quantity, 
forming  a  blood-red  solution,  which,  when  concentrated  by  distil- 
lation, deposits  the  compound  in  dark  red  crystals. 

Hydrated  Oxide  of  Silicon,  812-032 HO.  —  Produced  in  the 
decomposition  of  the  preceding  compounds  by  water  :  e.  g. 

Si2Cl3.2HCl  +  5H0  =  5HC1  +  Si203.2HO. 

It  is  most  readily  obtained  as  a  secondary  product  in  the  prepara- 
tion of  the  chloride  (p.  92).  The  water  must  be  cooled  to  0°  C. 
as  the  oxide  is  decomposed  by  it  at  ordinary  temperatures.  The 
oxide  is  collected  on  a  filter,  and  washed  with  ice-cold  water ;  the 
filter  gradually  but  strongly  pressed  between  bibulous  paper ;  and 
the  oxide  dried  over  oil  of  vitriol. 

It  is  a  snow-white,  amorphous  body,  very  hght  and  bulky,  and 
floats  in  water,  but  sinks  in  ether.  Alkalies,  even  ammonia,  and 
their  carbonates  decomposes  it,  with  frothy  evolution  of  hydrogen 
and  formation  of  alkaline  silicates.  It  is  not  acted  upon  by  any 
acid  except  hydrofluoric  acid,  which  dissolves  it,  with  rapid  evolu- 
tion of  hydrogen.     It  may  be  heated  to  300°  C,  or  above,  without 
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giving  oflF  water  or  undergoing  any  other  change.  At  a  stronger 
heat,  it  takes  fire,  and  glows  brightly  with  a  phosphorescent  light, 
giving  oft'  hydrogen  gas,  which  takes  fire  with  explosion.  Heated 
in  oxygen  gas,  it  burns  with  a  dazzling  light.  It  likewise  burns 
when  heated  in  a  covered  crucible,  but  the  residual  silica  has  more 
or  less  of  a  brown  colour,  arising  from  admixture  of  amorphous 
silicon,  and  the  inner  surface  of  tiie  crucible  becomes  coated  with 
silica.  These  appearances  are  due  to  the  evolution  and  subsequent 
decomposition  of  siliciuretted  hydrogen.  In  fact,  when  the  com- 
pound is  heated  in  a  tube,  it  gives  oft'  a  gas  which  fumes  in  the 
air,  but  does  not  take  fire  spontaneously,  in  consequence  of  being 
mixed  with  free  hydrogen ;  but  when  set  on  fire  it  burns  with 
separation  of  silica.  When  the  hydrate  is  dried  in  a  stream  of 
hydrogen,  then  heated  to  redness,  and  the  gas  which  escapes  is 
passed  through  a  narrow  tube  heated  to  redness  at  one  part, 
the  tube  becomes  coated  with  a  brown  speculum  of  silicon,  and 
the  escaping  gas  when  set  on  fire  yields  a  deposit  of  silicic  acid 
on  a  glass  plate  held  against  the  flame.  If  siliciuretted  hydro- 
gen has  the  composition  SiH,  the  decomposition  of  the  hydrated 
oxide  may  be  represented  by  the  equation : 

3(Si203.2HO)  =  5Si03  +  5H  -i-  SiH. 

Hydrated  oxide  of  silicon  is  somewhat  soluble  in  water.  The 
acid  filtrate  obtained  in  its  preparation  is  constantly  filled  with 
rising  bubbles  of  hydrogen,  presenting  the  appearance  of  fermenta- 
tion, and  the  gas  is  evolved  with  such  force  as  to  project  the 
stopper  from  the  vessel,  if  closed.  The  decomposition  may  be  still 
further  accelerated  by  heat.  The  solution  also  gives  oft"  abundance 
of  hydrogen  when  mixed  with  ammonia.  It  is  a  powerful  redu- 
cingagent.  It  precipitates  gold  and  palladium  from  the  solutions 
of  tlieir  chlorides,  the  latter,  perhaps,  mixed  with  silicate  of  palladium. 
With  nitrate  of  silver,  it  first  forms  a  white  precipitate  of  chloride 
of  silver,  but  afterwards  throws  down  a  brown  substance  containing 
silicon  as  well  as  silver.  Mixed  with  a  cupric  salt  and  then  with 
an  alkali,  it  throws  down  yellow  cuprous  hydrate.  With  corrosive 
sublimate,  it  forms  a  precipitate  of  calomel,  which,  if  left  in  con- 
tact with  excess  of  the  solution,  is  gradually  reduced  to  the  grey 
metal.  From  seleuious,  tellurous,  and  sulphurous  acids,  it  preci- 
pitates respectively  selenium,  tellurium,  and  sulphur.  It  instantly 
decolorises  a  solution  of  permanganate  of  potash.  It  has  no 
action  on  chromic  acid,  or  on  solutions  of  platinum,  iridium, 
or  indigo. 

The  composition  of  the  hydrated  oxide,  as  given  by  analysis, 
agrees  nearly  with  the  above  formula.  Two  analyses  gave  in 
100  parts:  50-9S  and  50-99  Si;  27-31.  and  27-68  0;  21-68  and 
21-33  HO;  the  formula  Si203.2HO  requii'ing  5035  Si,  28-37 
O  and  21-28  HO.     In  some  cases,  however,  a  larger  proportion 
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even,  52*75  p.  c.  silicon  was  obtained,  and  this,  together  with  cer- 
tain reactions  of  the  compound,  leads  to  the  supposition  that  there 
exists  a  lower  oxide  of  silicon,  probably  SiO,  and  a  corresponding 
chloride. 

The  lower  oxide  appears  to  be  that  which  dissolves  in  water, 
and  produces  the  reducing  effects  above  mentioned ;  a  portion 
of  the  oxide  which  had  yielded  above  52  p.  c.  of  silicon  was  again 
mixed  with  water,  and  again  washed  on  a  filter  with  water  at  the 
ordinary  temperature,  till  the  wash-water  exhibited  with  nitrate  of 
silver,  no  longer  a  precipitate,  but  merely  a  brownish  colouring. 
The  residual  oxide  was  found  to  contain  only  49*05  p.  c.  silicon. 

The  chloride  corresponding  to  the  lower  oxide  (SiCl?)  appears 
to  be  gaseous  at  ordinary  temperatures.  In  one  preparation, 
amorphous  silicon  in  considerable  quantity  was  exposed  to  the 
action  of  hydrochloric  gas  at  a  temperature  below  redness.  The 
reaction  took  place  with  great  facility,  and  hydrogen  was  abun- 
dantly evolved;  but  the  U  tube,  though  cooled  to  —  15°C.  was 
afterwards  found  to  contain  very  little  liquid  chloride ;  while, 
on  the  other  hand,  the  water  through  which  the  gas  passed  after 
leaving  the  U  tube,  contained  a  large  quantity  of  white  oxide, 
which  burnt  with  peculiar  brightness,  yielding  a  brown  coloured 
silica.  This  was  the  oxide  which  was  found  to  contain  52*75  per 
cent  of  silica. 

Nitride  of  Silicon.^ — This  compound  is  obtained  by  the  action  of 
ammonia  on  either  of  the  chlorides  of  silicon.  It  is  perfectly  white, 
amorphous,  infusible,  and  unalterable  at  the  hightest  temperatures, 
and  does  not  oxidise  when  ignited  in  contact  with  the  air.  It  is 
not  acted  upon  by  alkalies  in  solution,  or  by  acids,  excepting 
hydrofluoric  acid,  which  converts  it  into  silicofluoride  of  ammonium. 
When  fused  with  hydrate  of  potash,  it  gives  off  a  larger  quantity 
of  ammonia,  and  yields  silicate  of  potash.  Heated  with  red 
oxide  of  lead,  it  reduces  the  lead,  with  incandescence  and  formation 
of  nitrous  acid.  Like  nitride  of  boron,  it  eliminates  carbon  from 
carbonic  acid.  Fused  with  carbonate  of  potash,  it  yields  silicate 
and  cyanate  of  potash,  from  which  urea  may  be  prepared ;  if  the 
nitride  of  silicon  is  in  excess,  cyanide  of  potassium  is  formed  at  the 
same  time. 


*  H.  Sainte-Ulaire  Deville  and  Wohler.    Ann.  Phann.  civ,  856. 
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On    Chloride    of  Ethylene.* 
By    A.    Wurtz. 

When  pentachloride  of  pliosphorus  is  gradually  added  to  glycol, 
which  is  kept  cool,  a  brisk  action  takes  place;  hydrochloric  acid 
being  evolved,  and  the  glycol  being  converted  into  a  viscid  mass 
without  blackening.  On  adding  more  of  the  pentachloride,  the 
mixture  becomes  more  fluid,  and  after  a  certain  time,  the  evolution 
of  hydrochloric  acid  ceases;  and  any  additional  quantity  of  the 
pentachloride  dissolves  in  the  liquid  while  hot,  but  separates  again 
on  cooling.  If  the  product  be  then  distilled,  it  begins  to  boil 
below  100°;  bnt  the  boiling  point  gradually  rises  to  above  150°, 
and  the  residue  ultimately  blackens.  The  distillate  is  colourless, 
and  when  redistilled,  passes  over  completely  below  115°.  It  con- 
tains oxychloride  of  phosphorus,  which  may  be  decomposed  by 
agitation  with  water,  and  an  oily  liquid  then  separates.,  which, 
when  washed  with  water,  dried  by  chloride  of  calcium,  and  rectified, 
exhibits  the  properties  and  composition  of  chloride  of  ethylene, 
C4H4CI2.     Its  formation  is  represented  by  the  equation : 


C^H 


;}o,+ 


"yO^^  2PCL  =  2HC1  +  2P0„CL  +  aH^CL 


Chloride  of  ethylene  stands  to  the  bi-acid  compound  glycol  in  the 
same  relation  as  chloride  of  ethyl  to  the  mono-acid  compound 
alcohol. 

C^HgO^  f  HCl  =  H2O2  +  CJI5CI 

C.HgO,  +  2HC1  =  2H2O2  +  C.H.Cl^: 
it  is  the  hydrochloric  ether  of  glycol. 


*  Compt.  Rend,  xlv.,  228.     Ann.  Ch.  Pharm.  civ.,  174. 
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VII.  —  On  some   Compounds  oj  Iodide  and  Bromide  of  Mercury 
with  the  Alkaloids. 

By  Thomas  B.  Groves,  F.C.S.,  Weymouth. 

I  BEG  leave  to  direct  the  attention  of  the  Chemical  Society 
to  a  class  of  compounds  tliat  I  believe  has  not  hitherto  been 
noticed,  and  which  I  think  deserves  attention,  as  likely  to 
afford  materials  whose  investigation  may  throw  additional  light 
on  that  somewhat  obscure  but  highly  interesting  subject,  the 
Alkaloids. 

The  compounds  in  question  are,  for  the  most  part,  crystalline. 
Their  composition  is  represented  by  the  empirical  formula  (Hg., 
I3,  Alk.)  and  (Hg2  Brg,  Alk.).  (Hg.  =  100,  and  Alk.  represent- 
ing morphine,  codeine,  strychnine,  quinine,  cinchonine,  &c.) 

I  first  observed  the  reaction  that  led  to  this  investigation  on 
adding  to  a  solution  of  iodide  of  mercury  in  iodide  of  potassium  a 
small  quantity  of  hydrochlorate  of  morphia.  A  bulky  white  pre- 
cipitate was  formed,  which,  when  tested,  revealed  the  presence  of 
mercury,  iodine,  and  morphia,  and  was  then  found  to  be  crystal- 
lisable  from  alcohol  and  water. 

Morphine,  I  observed,  was  not  the  only  alkaloid  liable  to  this 
reaction,  but  that  all  the  alkaloids  proper  1  had  access  to,  viz., 
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quinine,  cinchonine,  codeine,  veratriiie,  aconitine,  brucine,  and 
stryclmine,  also  narcotine,  and  a  similar  body  I  liaA^e  separated 
from  the  capsule  of  the  English  popp}^  and  termed  diacodine,  were 
equally  so.  Salicine  and  aloine,  however,  were  unaffected.  The 
iodide  of  potassium  and  mercury  may  therefore  be  regarded  as  a 
general  precipitant  of  the  alkaloids ;  and  seeing  that  these  com- 
pounds are  nearly,  if  not  entirely,  insoluble  in  cold  water,  and 
have  a  high  atomic  number,  I  conceive  they  may  be  advantage- 
ously applied  to  the  determination  of  their  atomic  numbers,  and 
also  be  highly  useful  in  medico-legal  investigations. 

I  append  the  individual  characters  of  a  few  of  the  combinations 
containing  iodine. 

That  of  morphine  is  soluble  to  a  small  extent  in  boiling  water, 
especially  if  slightly  acidulated,  and  separates  in  the  crystalline 
form  on  cooling.     It  dissolves  much  more  readily  in  hot  alcohol. 

That  of  quinine  is  almost  perfectly  insoluble  in  boiling  water, 
but  dissolves  in  almost  any  proportion  in  boiling  alcohol,  from 
which  the  greater  part  again  separates  as  a  soft  resinous  mass  on 
cooling.  When,  however,  the  cold  solution  is  allowed  sponta- 
neously to  evaporate,  it  crystallises  beautifully. 

That  of  cinchonine  behaves  very  similarly.  Its  crystalline 
character  is,  however,  something  different,  as  also  its  solubility. 

These  two  last  are  both  fusible  at  about  200°,  and  when  cold  are 
very  brittle,  with  conchoidal  fracture. 

That  of  strychnine  is  insoluble  to  any  appreciable  extent  either 
in  hot  or  cold  water,  and  dissolves  very  sparingly  in  boiling- 
alcohol.  From  this  it  crystallizes  in  a  triangular  form.  The 
crystals  are  quite  microscopic,  very  brilliant,  and  make  good 
polariscope  objects. 

That  of  codeine  is  soluble  in  and  crystallizes  from  hot  water  and 
alcohol,  I  think  more  freely  than  any  that  I  have  observed. 

That  of  brucine  is  slightly  soluble  in  water,  and  generally  less 
refractory  than  that  of  strychnine;  and,  like  it,  becomes  gritty 
soon  after  precipitation. 

The  others  I  need  not  particularise,  as  they  have  offered  no 
details  of  interest. 

None  of  them,  as  far  as  I  have  observed,  contain  water  of 
crystallisation. 

Their  crystalline  form  is  usually  acicular,  with,  I  think  in  most 
cases,  a  triangular  section. 

They  are  not   decomposed  by  dilute  acids,  cold  or  hot,  or  bv 
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iodide  of  potassium,  and  are  only  affected  by  boUlng  solutions  of 
the  fixed  alkalies. 

In  obtaining  them  for  the  purpose  of  analysis,  I  have  precipitated 
one  equivalent  of  the  alkaloid  by  a  solution  of  three  equivalents 
of  iodide  or  bromide  of  potassium,  and  one  equivalent  of  chloride 
of  mercury. 

I  have  not  been  able  to  produce  a  corresponding  ammonia  com- 
pound. 

Their  analysis  was  effected  : — (1.)  By  dissolving  a  carefully  dried 
and  weighed  quantity  in  boiling  alcohol,  and  adding  thereto  an  ex- 
cess of  recently  prepared  sulphide  of  ammonium  to  precipitate  the 
mercury  as  HgS.  The  heat  is  kept  up  a  few  minutes  to  avoid 
the  precipitation  of  the  compound  by  the  cooling  agency  of  the 
reagent;  a  slight  excess  of  nitric  acid  added,  and  the  sulphide 
of  mercury  separated  and  weighed  in  the  visual  manner.  From 
the  filtrate  deprived  of  sulphretted  hydrogen  by  the  cautious  ap- 
plication of  heat,  the  iodine  is  thrown  down  by  nitrate  of  silver, 
and  the  alkaloid  is  estimated  by  difference. 

(2.)  By  precipitating,  first  the  iodine  by  nitrate  of  silver,  re- 
moving the  excess  of  the  precipitant  by  hydrochloric  acid,  and 
then  as  before. 

(3.)  The  strychnine  salt,  which  could  not  be  got  into  convenient 
solution,  Avas  digested  for  half-an-hour  with  sulphide  of  ammonium, 
and  then  treated  as  before.  ^Vhen  caustic  potass  is  added 
after  the  sulphide,  the  sulphide  of  mercury  is  dissolved  by  the 
sulphide  of  potassium  formed,  and  the  liquid  is  immediately  filled 
with  crystals  of  strychnine  fully  ^t\\  of  an  inch  long. 

In  no  case  have  I  directly  estimated  the  alkaloid.  The  concur- 
rence of  the  analyses  I  doubtless  owe  to  the  ready  and  complete 
desiccation  of  the  compounds. 

The  following  are  the  results  of  analyses  of  the  iodine  compounds 
of  morphine  and  strychnine  which  appear  to  justify  the  formula  I 
have  ascribed  to  them,  within  the  limits  of  error : — 

Analyses  of  the  Morphine  Salt. — No.  1. 


Calculation. 

Analysis. 

No.  1.— Hg2=200 

204 

2017 

l3  =  381 

3-88 

3-636 

Morphia =285 

2-91 

3-177 

866 

8-83 

8-830 
H  2 

100 


GROVES, 

ON 

Calculation. 

Analysis. 

No.  2.— Hg2  =  200 

1-57 

1-543 

l3  =  381 

3-00 

2-820 

Morphia  =  285 

2-25 

2-457 

866 


6-82 


6-820 


Centesimal  Comparison. 


No.  1. 

No.  2. 

Mercury  =  22-85 

=  22-63 

Todine  =  41-18 

=  41-35 

Morpliia= 35-97 

=  36-02 

100-00 


10000 


Analyses  of  the  Strychnine  Salt. 

No.  1.— Hg2  =  200  2-99 

l3  =  381  5-71 

Strychnine  =  334  500 


915 


13-70 


3-155 
5-996 
4-549 

13-700 


2nd  Analysis  of  the  Strychnine  Salt. 

Calculation.  Analysis. 

Hg2=200  2-19  2-267 

l3=281  4-19  4-486 

Strychnine  =  33  4  3-68  3'307 


915 


10-06 


10-060 


Centesimal  Comparison. 


No.  1. 

No.  2. 

Mercury..  =2303 

=  22-54 

Iodine    .  .  =43-77 

=  44-59 

Strychnine  =  33-20 

=  32-87 

100-00 


100-00 


On  submitting,  however,  the  compounds  of  quinine  and  cincho- 
Tiiue  to  the  same  treatment,  I  M-as  annoyed  to  find  a  very  consider- 
able discrepancy,  which  I  first  thoiight  Avas  occasioned  by  defect  of 
drying ;  but  this  having  been  proved  not  to  have  been  the  case,  I 
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considered  it  just  possible  that  the  compound  I  had  analysed  (the 
amorphous  mass  deposited  by  the  cooling  of  its  alcoholic  solution) 
had  been  rendered  basic  by  the  action  of  the  solvent ;  that  the 
crystals  obtained  from  the  mother  liquor  were  possibly  acid,  and 
the  first  precipitate  neutral. 

Samples  of  each  of  these  were  carefully  analysed,  and  the  results 
obtained  were  identical. 

Cinchonine  was  found  to  present  the  same  difficulty,  both 
yielding  about  as  much  of  their  respective  alkaloids  as  would  be 
expected  were  their  equivalents  one-fourth  less  than  they  are 
believed  to  be.     Thus — 


Analysis  of  the  Quinine  Salt. 

No. 

Calculation. 
1.— Hg2  =  200                 3-66 

Analysis. 
3-82 

l3  =  381                 6-96 

7-70 

Quinine  =  324                 5-93 

5  03 

905               16-55 

16-55 

No. 

2.— Hg2  =  200               1-302 

1-38 

1.^  =  381               2-479 
Quinine  =  324               2-109 

2-75 
1-76 

205 


5-890 


5-89 


Centesimal  Comparison. 

No.  1.  No.  2. 

Mercury   =23-08  =23-43 


Iodine..    =46-52 
Quinine    =30*40 


100-00 


=  46-69 
=  29-88 


100-00 


Analyses  of  the  Cinchonine  Salt. 

Calculation. 

3-39 

6-47 


No.  1.— Hg2  =  200 

l3  =  381 

Cinchonine  =  308 


5-23 


Analysis. 
3-62 
7-16 
4-31 


8-89 


1509 


15-09 
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2nd  Analysis  of  the  Cinchonine  Salt. 

Calculation.  Analysis. 

Hg2=200  1-70  1-80 

l3  =  381  3-26  3-55 

Cinchonine  =  308  2-64  2-25 


889  7-60 

Centesimal  Comparison 

No.  1. 
Mercury..   =23.99 


7-60 


Iodine    ..   =47*45 
Cinchonine  =28*56 


No.  2. 

=  23-69 

=  46-71 

=29-60 


100-00 


100-00 


Taking  these  facts  in  connection  with  the  anomalies  experienced 
by  Dr.  Bird  Herapath  in  his  late  experiments  on  his  interest- 
ing discoveries,  the  iodo-sulphatcs  of  the  cinchona  alkaloids 
("Pharmaceutical  Journal/^  March,  1858),  and  more  especially 
since  the  equivalents  of  Dr.  Herapath  approach  somewhat  nearly 
those  I  have  referred  to,  I  would  venture  to  suggest  whether  it 
would  not  be  advisable  to  re-open  this  question,  by  thoroughly 
investigating  Dr.  Herapath^s  iodo-sulphates,  in  connection  with 
the  double  iodides, 

I  will  here  just  observe  in  conclusion  that  the  iodide  of  mercury 
and  potassium  was  suggested  by  Dr.  de  Vry  as  a  precipitant  for 
strychnine ;  the  knowledge  that  it  is  not  specialhj  so  will  prevent 
dangerous  possibilities.  I  have  also  suggested  the  use  of  the  com- 
pounds as  internal  remedies  in  cases  where  the  simultaneous  exhi- 
bition of  mercury,  iodine,  and  some  alkaloid  is  indicated,  and  they 
are  now  undergoing  a  trial  at  the  hands  of  several  Weymouth 
practitioners. 
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VIII. —  On  a  new  method  of  preparing  Propionic  Acid :  viz.  by 
the  action  of  Carbo7iic  acid  upon  an  Ethyl  compound. 

By   J.    A.    Wanklyn,    Esq. 

In  tlie  course  of  experiments  made  on  the  action  of  highly 
electro-positive  metals  upon  zinc-ethyl,  I  obtained,  some  time  ago, 
crystalline  compounds  containing  the  metal  employed  in  union 
with  ethyl.  These  bodies,  of  which  a  detailed  account  will  shortly 
be  published,  react  most  energetically  upon  bodies  containing  an 
electro-negative  constituent. 

Such,  indeed,  is  the  electro-positive  energy  of  the  sodium  com- 
pound, that  dry  carbonic  acid  itself  is  thereby  decomposed,  with 
evolution  of  heat,  the  resulting  product,  as  will  further  on  be 
proved,  being  propionate  of  soda. 

I  proceed  to  describe  the  experiments  with  carbonic  acid  and 
the  new  body  containing  ethyl  and  sodium. 

Sodium-ethyl*  was  prepared  by  acting  upon  zinc-ethyl  with 
sodium,  whereby  metallic  zinc  was  precipitated  and  a  crystalline 
compound  containing  sodium-ethyl  and  zinc-ethyl  was  poduced. 
This  body,  which  dissolved  readily  in  excess  of  zinc-ethyl,  was 
introduced  into  a  bulb  so  constructed  as  to  admit  of  the  passage  of 
a  gas.  On  attempting  to  free  the  crystalline  compound  from 
adherent  zinc-ethyl  by  the  transmission  of  carbonic  acid,  great 
evolution  of  heat  occurred,  zinc-ethyl  distilled  off,  and  the  contents 
of  the  bulb  formed  an  amorphous  white  solid.  This  latter  effer- 
vesced with  water,  forming  a  solution,  which,  when  treated  with 
sulphuric  acid,  evolved  the  odour  of  propionic  acid.  In  proof  that 
this  heating  and  solidifying  were  due  neither  to  free  oxygen  nor  to 
moisture,  I  may  mention  that  an  experiment  was  made  with  the 
same  apparatus,  in  which  hydrogen  was  substituted  for  carbonic 
acid,  and  that  no  such  effects  occurred  as  had  been  noted  in  the 
former  ease. 

Different   samples  of  sodium-ethyl  prepared  from  zinc-ethyl  as 
aforesaid  were  exposed  to  the  action  of  carbonic  acid. 

In  one  case,  the  subsequent  ti'eatment  of  the  amorphous  solid 
was    as   follows : — it    was   put   into   water,    distilled    with    dilute 

*  Sodium-ethyl  cannot  be  obtained  by  the  action  of  sodium  upon  iodide  of  ethyl 
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sulphuric  acid,  and  the  distillate  subsequently  redistilled  alone,  in 
order  to  separate  anything  which  might  have  been  mechanically 
carried  over  during  the  first  distillation.  The  second  distillate 
containing  the  dilute  pure  acid  was  warmed  with  carbonate  of 
barvta,  filtered  and  evaporated  to  dryness  in  the  water-bath.  The 
residue  Avhich  was  crystalline  and  completely  soluble  in  water,  was 
afterwards  dried  in  the  air-bath  at  about  130°  C;  until  it  no  longer 
lost  weight. 

A  baryta  determination — made  by  moistening  the  salt  with 
strong  sulphuric  acid,  and  afterwards  igniting  cautiously  to  expel 
the  excess  of  sulphuric^  acid  and  the  organic  matter,  gave  this 
result — 

•288  grm.  of  the  substance  yielded  '237  grm.  of  sulphate  of 
baryta. 

The  substance,  therefore,  contained  48*38  per  cent,  of  barium. 

Propionate  of  baryta  contains  48-41  per  cent,  of  barium. 

From  another  sample  of  sodium-ethyl,  the  amorphous  mass 
given  by  the  action  of  carbonic  acid  was  treated  thus  : — First,  with 
a  little  moist  ether,  whose  purity  had  been  well  ascertained.  The 
object  of  this  deviation  from  the  plan  followed  in  the  former  case 
was  to  avoid  a  troublesome  elevation  of  temperature  which  occurs 
Avhen  zinc-ethyl  (adherent  to  the  propionate  of  soda)  is  suddenly 
acted  upon  Avith  water.  After  the  addition  of  water  and  the 
expulsion  of  the  ether  which  had  been  added,  by  heating  in  the 
water-bath,  a  distillation  with  dilute  sulphuric  acid  was  made  as 
before. 

The  distillate,  after  supersaturation  with  carbonate  of  soda,  was 
evaporated  to  dryness  in  the  water-bath ;  and  an  endeavour  was 
made  to  obtain  concentrated  propionic  acid  from  this  soda-salt  by 
distillation  with  strong  sulphuric  acid.  This  operation  was  care- 
fully conducted  in  the  air-bath,  the  materials  being  contained  in  a 
small  bulb  retort.  Neither  carbonization  nor  evolution  of  sul- 
phurous acid  was  observed,  and  the  resulting  distillate  had  the 
smell  of  propionic  acid.  From  it  a  silver-salt  was  made  by  the  use 
of  pure  oxide  of  silver.  This  salt,  forming  beautiful,  but  exceedingly 
light  crystals,  was  crystallised  by  cooling  its  solution  in  hot 
water.  The  crjstak  were  separated  from  the  mother-liquid  and 
dried  in  vacuo. 

I.  '0466  grm.  of  the  substance  gave,  on  cautious  ignition,  '0272 
grm.  of  metallic  silver. 

II.  A  combustion  was  made  by  heating  the  substance  placed  in 
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a  small  platinum  boat  in  a  stream  of  dry  air  freed  from  carbonic 
acid.  The  products  of  combustion  were  led  over  red-hot  oxide  of 
copper,  and,  in  fact,  the  arrangement  was  essentially  the  same  as 
that  which  gives  remarkably  accurate  results  in  the  hands  of 
Hofmann  and  others.  So  treated,  •0632  grm.  of  the  substance 
gave 

'0447  grra.  of  carbonic  acid. 

•0154  grm.  of  water. 

"0377  grm   of  silver. 

Here   follow   the   collected    results   compared   with   the    com- 
position of  propionate  of  silver. 


lionate  of  Silver.              Calculated 

■\      — — • 
I. 

Found. 

"""^    II. 

Cg          36         19"  89 

— 

19-29 

H5            5           276 

— 

2-71 

O4           32         17^  68 

— 

18-35 

Ag        108        59-67 

58-4 

59-65 

181       10000  100-00 

The  reaction  which  takes  place  between  carbonic  acid  and 
sodium-ethyl  admits,  therefore,  of  the  following  expression  : — 

Propionate  of  Soda. 

C2  O,  -f  Na  C,  H,  =  C^  O,  C,  H^^. 

NaJ^2 

And  since  there  can  be  no  doubt  that  homologous  bodies  Avould 
give  analogous  results  with  carbonic  acid — that,  for  instance, 
sodium-methyl  would  give  acetate  of  soda — we  may  write  the 
following  as  a  general  formula  expressing  the  reaction  which  has 
been  realized. 

C^O,  -h  NaC,  II„^j  =  C,  O,  C,  H,^  A 

Na/^2 

Inspection  of  the  formula  will  at  once  show  that  a  synthesis 

exactly  corresponding  to  the  well-known  and  beautiful  analysis  of 

C    O    C    H         ) 
the  series  of  volatile  fatty  acids       2     2     n      n+ 1  ^  q^    made    by 

Kolbe  some  years  ago,  has  now  been  effected.  In  fact,  such  a 
reaction  as  that  described  here  is  what  that  distinguished  chemist, 
in  conjunction  with  Frankland,  predicted  in  his  memoir*  of  last 
year. 

*  Ann.  Ch.  Pharm.  ci.  2G5. 


106 


IX. — Notice  of  another  Neiv  Maximum  and  Minimum  Mei'cnrial 

Thermometer. 

By  John  G.  Macvicar^  D.D.,  Moffat. 

The  maximum  and  minimum  thermometer  described  bj  me  at 
page  221,  volume  x,  of  this  journal  is  not  the  only  one  in  M'hich 
mercury  may  be  used  to  give  the  minimum  as  well  as  the  maxi- 
mum for  any  interval  of  time  between  two  successive  adjustments. 
A  more  elegant  instrument,  at  least  for  meteorological  purposes, 
may  be  constructed  thus  : — 

Let  a  mercurial  maximum  thermometer  of  the  ordinary  Ruther- 
ford's construction  be  taken,  and  let  50°  or  60°  in  length  of  a 
suitable  liquid  be  introduced  into  the  stem  immediately  above  the 
mercury,  and  into  this  liquid  let  two  indices  be  inserted,  first,  one 
which  shall  obey  the  magnet,  as  in  Rutherford's  maximum  ther- 
mometer, and  then  one  of  enamel,  as  in  Rutherford's  minimum. 
Let  the  instrument  be  then  sealed  in  the  usual  way,  and  on  the 
plate  let  two  scales  be  engraved,  one  taking  its  points  from  the  top 
of  the  mercury  for  a  scale  of  maximum  temperatures,  and  the  other 
taking  its  points  from  the  top  of  the  liquid  for  a  scale  of  minimum 
temperatures,  and  the  instrument  is  completed.  To  prepare  for  an 
observation,  let  the  enamel  index  be  brought,  as  in  Rutherford's 
minimum,  to  the  top  of  the  liquid;  then  holding  or  placing  the 
instrument  horizontally,  let  the  steel  index  be  brought  by  the  mag- 
net to  the  top  of  the  mercury.  The  thermometer  is  now  fit  for 
use.  It  is  obvious  that  the  upper  end  of  the  enamel  index  will 
give  the  minimum  and  the  lower  end  of  the  steel  index  the  maxi- 
mum temperature  since  the  last  adjustment. 

I  had  contrived  this  instrument  before  that  described  at  page 
221,  volume  x,  but  passed  from  it  at  the  time,  in  apprehension  of 
not  finding  a  liquid  suitable  for  the  suspension  of  the  minimum 
index.     Spirit  and  analogous  liquids  tend  to  diffuse  with  the  mer- 
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cmy  when  in  a  horizontal  column,  and  each  breaks  the  continuity 
of  the  other.  And  though  when  this  occurs,  the  instrument  still- 
remains  a  good  mercurial  minimum,  yet  it  destroys  its  complete- 
ness and  beauty. 

I  am  now  satisfied,  however,  that  a  liquid  having  no  dififnsive 
tendency  or  chemical  action  between  it  and  mercury,  as  also  a 
sufficiently  low  freezing  point  and  high  boiling  point,  may  be  found. 
In  fact,  between  twenty  and  thirty  years  ago,  Mr.  Adie,  the  opti- 
cian in  Edinburgh,  merely  to  prevent  oxidation  in  the  tubes  of 
Rutherford^s  maximum  thermometer,  introduced  above  the  mer- 
cury, naphtha ;  and  I  saw  the  other  day  one  of  these  thermometers, 
which,  during  that  long  interval  had  preserved  the  mercurial 
column  unbroken,  and  the  steel  index  pure  and  all  right.  It  is 
certain,  however,  that  it  is  not  every  kind  of  liquid  that  passes  in 
commerce  under  the  name  of  naphtha  that  will  do  so.  But  the 
fact  that  a  hydrocarbon  was  found  which  has  continued  to  function 
well  for  a  quarter  of  a  century,  shows  that  a  suitable  liquid  may 
be  found . 

Residing,  however,  as  I  do,  among  the  mountains  of  Scotland, 
far  away  from  all  facilities  for  accurate  experimeiits,  I  must  leave 
further  determinations  to  those  who  are  more  favourably  situated 
for  such  enquiries. 


X. —  On  the  Atomic  Weights  of  Oxygen  and  Water* 
By  William  Odlino,  M.B. 

SECRETARY   TO   THE   CHEMICAL   SOCIETY. 

Whether  an  atom  of  water  contains  the  same  quantity,  or  double 
the  quantity,  of  hydrogen  that  is  contained  in  an  atom  of  hydro- 
chloric acid,  and  whether  the  atomic  weight  of  oxygen  is  8  or  16, 
are  concrete  examples  of  the  many  disputed  questions  which  lie  at 
the  very  basis  of  scientific  chemistry.  These  many  primary  ques- 
tions are  so  intimately  connected  with  one  another,  that  if  the 
answer  to  nearly  any  one  of  them  were  fully  agreed  upon,  that 

*  Extract  from  a  lecture  "On   Atoms,   Molecules,  and   Equivalents,"  delivered 
April  15  and  May  6,  1858. 
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single  unanimity  might  almost  determine  an  entire  unanimity. 
But  to  arrive  at  such  a  desirable  consummation,  it  is  neces- 
sary for  some  one  or  other  of  these  questions  to  be  fairly 
argued  out  upon  premises  that  are  admitted  by  all  to  be  indis- 
putable. And  herein  lies  the  great  difficulty,  because,  in  reality, 
each  one  of  us  has  formed  his  opinion  upon  the  single  ques- 
tion, rather  by  its  bearings  upon  all  the  other  disputed  ques- 
tions, than  from  well  defined  premises  of  any  kind.  Each  party 
has  assumed  instinctively  certain  points  that  are  not  proven,  or 
are  disallowed,  and  from  these  assumptions  has  deduced  in  great 
measure  his  conclusion  upon  all  the  questions.  jNIoreover,  to  no 
one  question  can  there  be  given  an  answer  the  correctness  of 
which  is  proveable  to  demonstration.  Almost  every  fact  may  be 
interpreted  in  several  different  ways;  and  it  becomes  an  argu- 
ment, from  probability,  from  analogy,  from  simplicity,  from  conse- 
qxiences,  as  to  which  interpretation  is  most  exact.  But,  apart  from 
the  absolute  accuracy  or  falsity  of  any  explanation,  it  is  evidently 
most  inconsequent  to  interpret,  as  many  chemists  do,  a  certain 
set  of  facts  in  one  special  manner,  and  a  precisely  similar  set  of 
facts  in  an  opposite  manner.  Now,  it  is  to  this  time-honoured 
inconsistency  that  I  wish  particularly  to  direct  your  attention. 

Allow  me,  for  a  few  moments,  to  occupy  your  time  with  such 
an  elementary  introduction  to  the  doctrine  of  combination  in 
definite  proportions,  as  we  might  all  agree  to  put  before  a 
student  commencing  the  study  of  chemistry.  Thus,  we  are 
acquainted  with  about  sixty  diflferent  kinds  of  matter  which  have 
hitherto  proved  undecomposable,  and  Avhich  we  consequently 
term  simple  bodies  or  elements.  These  elements  unite  with 
one  another  in  certain  fixed  or  definite  proportions  to  form  an 
infinite  variety  of  compound  bodies.  We  can  illustrate  our 
meaning  very  well  by  reference  to  hydrogen,  chlorine,  and 
sodium;  three  elements  that  are  possessed  of  highly  character- 
istic properties.  We  find  by  experiment  that  1  part  of  hydrogen 
unites  with  35*5  parts  of  chlorine  to  form  the  compound  body, 
chloride  of  hydrogen,  or  chlorhydric  acid;  and  that  35"5  parts  of 
chlorine  unite  with  23  parts  of  sodium  to  form  the  compound 
body,  chloride  of  sodium,  or  common  salt.  We  take  the  numbers, 
1,  35*5,  and  23,  to  represent  the  combining  proportions  of  hydro- 
gen, chlorine,  and  sodium  respectively  :  and,  in  a  similar  manner, 
there  have  been  assigned,  to  other  of  the  elements,  certain  num- 
bers which  express,  respectively,   the  least  proportion  of  the  ele- 
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ment  that  unites  with  1  part  of  hydrogen, — or  that  replaces  1  part 
of  hydrogen  to  unite  with  35'5  parts  of  chlorine.     Thus, 

35*5  parts  of  chlorine, 


1   part  of  hydrogen  unites  with 


or  19  parts  of  fluorine, 
or  80  parts  of  bromine, 
or  127     parts  of  iodine, 


>  unite  with  35*5  parts  of  chlorine. 


and    1     part  of  hydrogen 
or    23     parts  of  sodium 
or    32'5  parts  of  zinc 
or  108     parts  of  silver 

The  proportion  in  which  hydrogen  enters  into  a  combination, 
being  less  than  that  of  any  other  element,  is  assumed  as  unity ; 
and  as  the  quantity  of  sodium,  or  zinc,  or  silver,  that  displaces 
1  part  of  hydrogen  from  its  combination  with  35 "5  parts  of 
chlorine,  also  displaces  it  from  its  combination  with  19  parts  of 
fluorine,  or  with  80  parts  of  bromine,  or  with  127  parts  of  iodine, 
it  is  evident  that  the  numbers  1,  19,  23,  32*5,  35-5,  80, 108,  and  127, 
indicate  generally  the  proportions  in  which  the  elements  hydro- 
gen, fluorine,  sodium,  zinc,  chlorine,  bromine,  silver,  and  iodine, 
unite  with  one  another.  The  above  proportional  numbers  result 
from  a  common  well  defined  relation  to  the  standard  of  eompari- 
son;  they  are  mere  results  of  experiment  uncontrolled  by  any 
theory  whatever.  So  far  as  we  have  yet  gone,  our  idea  of  the 
combining  proportion  of  an  element  is  the  least  quantity  of  the 
element  that  can  unite  with,  or  replace,  1  part  of  hydrogen.  But 
this  simple  idea  has  very  speedily  to  receive  an  important 
modification.  We  find  the  smallest  quantity  of  nitrogen  that 
can  unite  with  1  part  of  hydrogen,  to  be  4*7  parts,  but  the  com- 
bining proportion  of  nitrogen  is  fixed,  not  at  4*7  parts,  but  at 
three  times  that  quantity,  or  14  parts.  We  find  that  1  part  of 
hydrogen  unites  with  35*5  parts  of  chlorine  to  form  the  com- 
pound chlorhydric  acid,  and  that  one  part  of  hydrogen  unites 
with  4-7  parts  of  nitrogen  to  form  the  compound  ammonia. 
We  take  35*5  as  the  proportional  number  for  chlorine,  why  do 
we  not  take  4*7  as  the  proportional  number  for  nitrogen  ?  Why 
do  we  not  express  the  compound  body  ammonia  by  the  formula 
HN,  precisely  as  we  express  the  compound  body  chlorhydric  acid 
1)V  the  formula  HCl  ?  To  avoid  the  confusion  that  would  arise 
from  using  the  same  letter  to  express  two  different  quantities,  we 
will  take  the  symbol  Az  to  represent  4*7  parts  of  nitrogen;  so  that 
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3  HAz  =  HglST.  Now  the  formula  HAz  is  in  accordance  with  all 
the  considerations  hitherto  presented  to  our  notice,  it  is  more 
simple  than  the  formula  HgN,  and,  by  its  means,  ammoniacal  com- 
pounds in  general  might  be  represented  as  analogous  to  chlorine 
and  fluorine  compounds;  thus. 

Ammonia        .  .  . .  HAz  HCl 

Trizincamide  .  .  . .  ZnAz  ZnCl 

Trimercuramide  . .  HgAz  HgCl 

Potassamide    ..  ..  KAz.2HAz  KC1.2HgCl 

Sal-ammoniac  . .  HCl.SHAz  KI.  3HgCl. 

Why  then  have  chemists  unanimously  rejected  the  formula  HAz, 
and  adopted  the  formula  H3N  ?  Now,  althougli  this  last  formula 
may  have  originated  in  part  from  accident,  and  have  been  retained 
in  part  from  habit,  yet  we  have  no  lack  of  real  arguments  to  show 
the  necessity,  or  at  any  rate  advisability,  of  maintaining  it.  I 
believe  the  principal  arguments  are  the  following : — 

1°.  Because  it  is  found  that  a  given  bulk  of  gaseous  ammonia 
contains  three  times  as  much  hydrogen  as  the  same  bulk  of 
chlorhydric  acid. 

2°.  Because  it  is  found  that  a  given  bulk  of  nitrogen  combines 
with  three  times  as  much  hydrogen  as  does  the  same  bulk  of  chlo- 
rine ;  and  that  the  relative  weights  of  equal  bulks  of  nitrogen  and 
chlorine  and  hydrogen  are  as  14  :  35"5  :  1. 

3°.  Because  certain  undoubted  analogies  and  ratios  of  nitro- 
genised  bodies  are  concealed  by  formulae  in  which  Az  =  4'7,  and 
are  manifested  by  formulae  in  which  N  =  14. 

4°.  Because,  in  ninety-nine  cases  out  of  a  hundred,  the  quantity 
of  ammonia  which  is  the  agent  or  resultant  of  a  reaction  must 
contain  three  units  of  hydrogen,  or  some  multiple  of  three  units 
of  hydrogen;  and  consequently  fourteen,  or  some  multiple  of 
fourteen,  parts  of  nitrogen. 

5°.  Because  in  the  majority  of  the  compounds  which  ammonia 
forms  with  other  bodies,  the  ammonia  must  be  represented  with 
three  units,  or  some  multiple  of  three  units,  of  hydrogen. 

6°.  Because,  although  the  composition  of  some  few  nitrogenised 
bodies  may  be  represented  most  simply  by  formula?,  in  which 
Az  =  4-7;  yet  the  great  majority  are  represented  most  simply  by 
formulae  in  which  N  =  14. 

7°.  Because,  in  ammonia,  the  actual  or  potential  replacement  of 
hydrogen  takes  place  definitely  in  thirds,  by  three  successive  stages. 

Although  the  above  arguments  cannot  be  considered  to  prove 
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absolutely  to  demonstration  that  the  atom  of  nitrogen^  or  the 
smallest  indivisible  quantity  of  nitrogen  that  can  enter  into  a  com- 
bination, is  really  fourteen  times  as  great  as  the  atom  of  hydro- 
gen, yet  they  present  so  great  a  sum  of  probabilities  in  favour 
of  that  conclusion  that  chemists  have  been  unanimous  in  accepting 
it.  With  one  exception,  all  these  arguments  apply  with  equal  force 
to  the  elements  phosphorus,  arsenic,  antimony,  and  bismuth ;  and 
we  consequently  find  that  all  chemists  have  agreed  to  accept  for  the 
respective  atomic  weights  of  these  bodies,  three  times  the  smallest 
quantity  of  the  body  which  unites  Avith  1  part  of  liydrogen,  or 
Avith  35*o  parts  of  chlorine.  The  excepted  argument  is  that  relat- 
ing to  the  vapour  densities  of  the  elements  in  question.  But,  in 
default  of  this  argument,  we  can  bring  forward  another  of  a  most 
cogent  nature  in  behalf  of  the  triplication  of  the  atomic  weights  of 
phosphorus,  arsenic,  antimony,  and  bismuth,  namely,  that  derived 
from  their  gradational  analogies  to  nitrogen.  If  the  atomic  weight 
of  nitrogen  is  14  and  not  4*7,  the  atomic  weights  of  phosphorus, 
arsenic,  antimony,  and  bismuth  must  be  respectively  31,  75,  12C», 
and  213,  and  not  the  thirds  of  these  numbers. 

From  the  above  considerations  concerning  nitrogen  and  its  con- 
geners, in  which  all  chemists  are  agreed,  it  appears  that  while  the 
determination  of  the  smallest  proportion  of  an  element  that  can  unite 
with  or  replace  one  part  of  hydrogen  is  a  question  purely  experi- 
mental, the  determination  of  the  atomic  weight  of  an  element,  or 
of  the  smallest  indivisible  quantity  of  an  element  that  can  enter 
into  a  combination,  is  a  question  for  the  judgment,  and  one  that 
can  only  be  decided  by  an  intimate  knowledge  and  due  considera- 
tion of  very  many  circumstances  connected  with  the  body.  Now, 
although  the  judgment  of  chemists  has  been  unanimous  with  re- 
spect to  nitrogen  and  its  congeners,  such  unanimity  has  not  pre- 
vailed in  reference  to  many  other  elements.  Thus,  with  regard  to 
silicon, 

Thomson  represented  chloride  of  silicon  by  the  formula. 

Si  CI,  where  the  atomic  Aveight  of  silicon   =    7-12 

G  meliu,  by  the  formula. 

Si  Clj,  where  the  atomic  Aveight  of  silicone  14-25 

Berzelius,  by  the  formula, 

Si  CI3,  Avhere  the  atomic  weight  of  silicon  ==2 1*3 7 

Whereas,  in  my  opinion,  the  balance  of  argument  is  in  favour  of 
the  formida 

Si  CI4,  Avhere  the  atomic  Aveight  of  silicou=: 28-50, 
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In  reference  to  a  body  of  sucli  doubtful  analogies  as  silicon,  whose 
combinations,  moreover,  are  remarkable  for  their  complexity,  it  is  fit 
and  natural  that  differences  of  opinion  with  regard  to  its  atomic 
weight  should  be  entertained  by  different  chemists,  according  to 
their  particular  modes  of  viewing  the  subject ;  and,  not  only  with 
regard  to  silicon,  but  to  boron,  to  gold,  to  uranium,  to  tantalum, 
and  indeed  to  all  elements  the  analogies  of  which  have  not  been 
well  established.  But,  in  reference  to  such  well  known  elements 
as  oxygen,  sulphur,  and  carbon,  there  certainly  ought  to  be  the 
same  unanimity  that  obtains  in  the  case  of  nitrogen ;  though  in 
reality  we  find  the  discord  even  more  violent  than  in  the  case  of 
silicon. 

The  majority  of  English  chemists  represent  the  atomic  weight  of 
carbon  by  6,  that  of  oxygen  by  8,  and  that  of  sulphur  by  16. 
Dr.  Frankland  would  double  the  atomic  weight  of  carbon,  but 
would  retain  the  old  atomic  weights  of  oxygen  and  sulphur.  Mr. 
Griffin,  who  lays  claim  to  priority  in  doubling  the  atomic  weights 
of  carbon  and  oxygen,  ridicules  the  notion  of  doubling  that  of 
sulphur.  Dr.  Williamson,  Mr.  Brodie,  and  myself  have  for  a 
long  time  past  advocated  the  doubling  of  all  three. 

Let  us  now  proceed  to  investigate,  from  undisputed  data,  the 
atomic  weight  of  oxygen,  and  of  its  most  important  compound  with 
hydrogen,  namely,  water.  Is  the  atom  of  water  HO  =  9,  or 
H20=18? 

All  chemists  admit,  firstly,  that  the  atom  of  chlorhydric  acid  con- 
sists of  1  part  of  hydrogen  united  with  35"5  parts  of  chlorine; 
secondly,  that  the  atom  of  ammonia  consists  of  3  parts  of  hydrogen 
united  with  14  parts  of  nitrogen;  and  that,  as  compared  with  35'5 
parts  of  chlorine,  14  parts  of  nitrogen  is  the  smallest  quantity  of 
nitrogen  that  can  enter  into  a  combination.  Now  I  wish  to  show, 
firstly,  that  if  the  atom  of  chlorhydric  acid  consists  of  1  part  of 
hydrogen  united  with  35 '5  parts  of  chlorine,  and  if  the  atom  of 
ammonia  consists  of  3  parts  of  hydrogen  united  with  14  parts  of 
nitrogen,  then  the  atom  of  water  must  consist  of  2  parts  of 
hydrogen  united  with  16  parts  of  oxygen ;  secondly,  that  if  35*5  parts 
of  chlorine  constitute  the  smallest  indivisible  quantity  of  chlorine 
that  can  enter  into  a  combination,  and  if  14  parts  of  nitrogen  con- 
stitute the  smallest  indivisible  quantity  of  nitrogen  that  can  enter 
into  a  combination,  then  16  parts  of  oxygen  constitute  the  smallest 
indivisible  quantity  of  oxygen  that  can  enter  into  a  combination ; 
or,  in  other  words,  that  the  atomic  weight  of  oxygen  is  16,  when 
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compared  with  the  atomic  weight  of  hydrogen  as  1,  of  chlorine  as 
35*5^  and  of  nitrogen  as  14.  Every  argument  that  induces  us  to 
accord  to  the  atom  of  nitrogen  the  number  14,  rather  than  the 
number  4*  7,  should  also  induce  us  to  accord  to  the  atom  of  oxygen 
the  number  16,  rather  than  the  number  8. 

I  propose  to  review  briefly  all  the  arguments  we  have  admitted 
in  the  case  of  nitrogen,  and  to  prove  that  they  are  equally  applica- 
ble in  the  case  of  oxygen ;  or  to  show  why  it  is  that  ammonia 
must  be  written  H^N,  and  water  Ho^,  as  compared  with  chlor- 
hydric  acid  HCL 


Nitrogen. 

a.  Because  it  is  found  that  a 
given  bulk  of  gaseous  ammonia 
contains  three  times  as  much 
hydrogen  as  the  same  bulk  of 
chlorhydric  acid. 

13.  Because  it  is  found  that  a 
given  bulk  of  nitrogen  combines 
with  three  times  as  much  hydro- 
gen as  does  the  same  bulk  of 
chlorine;  and  that  the  relative 
weight  of  equal  bulks  of  nitrogen 
and  of  chloi'ine  are  as  14  /o 
35-5. 


Oxygen. 

a.  Because  it  is  found  that  a 
given  bulk  of  gaseous  water  con- 
tains twice  as  much  hydrogen  as 
the  same  bulk  of  chlorhydric 
acid. 

y5.  Because  it  is  found  that  a 
given  bulk  of  oxygen  combines 
vnth  tvdce  as  much  hydrogen  as 
does  the  same  bulk  of  chlorine  ; 
and  that  the  relative  iveights  of 
equal  bulks  of  oxygen  and  of 
cJilorine  are  as  16  to  35*5 . 


I  attach  very  great  importance  to  these  first  two  arguments, 
which  apply  with  equal  force  to  the  duplication  of  oxygen  and  the 
triplication  of  nitrogen ;  to  the  biuhydric  character  of  water  and 
the  terhydric  character  of  ammonia. 


7.  Because  certain  undoubted 
analogies  and  ratios  of  nitro- 
genised  bodies  are  concealed  by 
formul(£  in  which  Az  =  4"7,  and 
are  manifested  by  formida  in 
which  N  =  14. 


7.  Because  certain  undoubted 
analogies  and  ratios  of  oxidised 
bodies  are  concealed  by  formidae 
in  ivhich  0  =  8,  and  are  mani- 
fested by  formul(E  in  which 
0=16. 


These  reasons  apply  with  about  equal  force,  though  in  a  some- 
what different  manner,  to  nitrogen  and  to  oxygen  respectively. 
Thus  with  Az  =  4-7,  the  analogies  of  nitrogen  and  chlorine  com- 
pounds would  be  concealed  by  the  formuhe,  for  we  should  have — 

VOL.  XI.  I 
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Nitrous  acid.  Chlorous  acid. 

HAZ3O2  instead  of  HNOg  analagous  to  HCIO2. 

Nitric  acid.  Chloric  acid. 

HAZ3O3  instead  of  HNO3  analagous  to  HCIO3. 

Pernitric  oxide.  Perchloric  oxide. 

AzgO^  instead  of  N2O4    analagous  to  C1.20^. 

With  0  =  8,  the  relation  of  water  to  the  alcohols  as  the  undoubted 
vanishing  point  of  the  series  would  not  be  manifested,  as  it  is  in  the 
formulae  with  0=16. 

Thus,  if  we  write  alcohol  C^HgOj,  wood  spirit  C2H4O2,  and 
water  HO,  the  relation  of  water  to  the  alcohols  does  not  appear, 
but  in  the  following  series  of  formulae  it  is  perfectly  apparent : — 


e,Ti,,Q 

Amylic  alcohol, 

€,H,,0 

Butylic        „ 

^sHsO 

Propylic      „ 

e^o 

Ethylic 

GU.O 

Methylic     „ 

H2O 

Hydric        „ 

The  relation  of  water  to  the  alcohols,  as  shown  in  the  above 
formulae,  is  not  a  mere  paper  relation,  but  has  its  foundation  in 
experiment.  When  alcohol  and  water  respectively  are  acted  upon 
by  potassium,  by  chloride  of  benzoyl,  by  pentachloride  of  phos- 
phorus, and  by  a  host  of  other  rc-ageiits,  the  reactions  are 
acknowledged  by  all  to  be  precisely  parallel.  All  chemists,  no 
matter  what  formulae  they  employ,  recognise  the  fact  that  the 
quantity  of  water  which,  in  a  reaction,  corresponds  to  one  propor- 
tion of  alcohol,  must  contain  two  units  of  hydrogen. 

Similarly  with  regard  to  the  hydrated  bases  and  acids.  If 
we  write  hydrate  of  potass  KHO2,  hydrated  hypochlorous  acid 
HCIO2,  and  water  HO,  the  relation  of  the  formulae  as  representing 
comparable  quantities  does  not  appear.  But  in  the  following 
series  it  is  perfectly  evident : — 

K  K  O  Potass  oxide. 

K  H  O  Potass  hydrate. 

H  H  O  Water. 

H  CIO  Hypochlorous  acid. 

K  CI  O  Potass  hypochlorite. 

CI  CI  O  Hypochlorous  anhydride. 
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The  following  reactions,  among  many  others,  show  that  the 
quantity  of  water  which  corresponds  to  one  proportion  of  hydrate 
of  potass,  or  of  hypochlorous  acid,  must  contain  two  units  of 
hydrogen : — 

1.  Action  of  Chloride  of  Benzoyl. 

KHO  +  CylisClO^KCl  +  C^HgOa. 
H2a  +  e7H5C10=HCl  +  G,H602. 

2.  Action  of  Chlorine. 
KH0+Cl2=HC10+KCl. 
H20  +  Cl2=HC10  +  HCl. 


h.  Because,  in  ninety  -  nine 
cases  out  of  a  hundred,  the 
quantity  of  ammonia  which  is 
the  agent  or  resultant  of  a  re- 
action must  contain  H3,  or  some 
multiple  of  H3 ;  and  conse- 
quently  14,  or  some  multiple  of 
14  parts  of  nitrogen. 


S.  Because,  in  ninety  -  nine 
cases  out  of  a  hundred,  the 
quantity  of  ivater  which  is  the 
agent  or  resultant  of  a  reaction 
must  contain  Hj,  or  some  mul- 
tiple of  H2 ;  and  consequently 
16,  or  some  multiple  of  \Q parts 
of  oxygen. 


This  argument  is  one  of  the  most  cogent  that  can  be  adduced. 
It  is  well  illustrated  in  the  case  of  nitrogenized,  but  infinitely 
better  in  the  case  of  oxidised  compoinids.  Let  us  adduce  some 
nitrogenous  reactions. 

1 .  Formation  of  Ammonia  from  Sal  Ammoniac. 

JSH^Cl  +  CaHO  =NH3  +CaCl  +  H20; 
or,  Az3H^Cl  +  CaH02= AZ3H3  +  CaCl  \-  H2O2. 

2.  Formation  of  Ammonia  from  Nitrate  of  Potass. 
KNa3  +  8H  =  KHa  +NH3  +2H2a; 
or,  KAz306  +  8H  =  KH02  +  Az3H3+4HO. 

3.  Formation  of  Cyanogen  from  Oxalate  of  Ammonia. 
2NH3.C2H2a4-4H2a=2€N; 
or,  2Az3H3.CJl208-8H  0  =  2C2Az3; 
or,    AZ3H3.C2H  0^-4H  0=   C2AZ3. 

4.  Formation  of  Benzamide. 
NH3  +  €2H5  (C7H5O)  0=NH,  (e^HjO)  +G^YL^a  • 
or,  Az3H3  +  C,H5  (Ci,H502)02=Az3H2  (C,,H,02) +C,ll602. 

I  2 
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Express  the  above  reactions  howsoever  you  please,  you  cannot 
represent  any  one  of  them  with  a  proportion  of  ammonia  contain- 
ing less  than  3  units  of  hydrogen,  nor  consequently  with  less  than 
14  parts  of  nitrogen.  And,  whenever  more  than  3  units  of  hydrogen 
are  required,  you  must  take  some  multiple  of  three  units  of 
hydrogen,  and  some  multiple  of  14  parts  of  nitrogen ;  and  ninety- 
nine  cases  out  of  a  hundred  will  yield  the  same  result.  As  an 
example  of  those  cases  in  which  it  is  possible  to  represent  the 
acting  or  resulting  proportion  of  ammonia  with  less  than  three 
units  of  hydrogen,  I  may  adduce  the — 

5.  Formation  of  Triethylamine. 

NH3  +  3e2H5l  =  N.3C,,H5-h3HI; 
or,  Az3H3  +  3CJT5l  =  3AzC^H5  +  3HI; 
or,  Az  H  +  C^Hgl^  AzCJIj  +  HI. 

And  similarly  with  trimercuramine,  NHgg  =  3  AzHg;  though 
no  one  really  thinks  of  writing  the  formulae  of  these  bodies  with 
only  one  unit  of  ethyl  or  of  mercury  respectively. 

Let  us  now  revert  to  oxygenous  reactions.  I  wish  to  show  that, 
ia  ninety-nine  cases  out  of  a  hundred,  where  water  appears  as  the 
agent  or  resultant  of  a  reaction,  it  is  impossible  to  represent  that 
water  with  less  than  two  atoms  of  hydi'ogen. 

1°.  Whenever  an  alcohol,  ketone,  or  other  oxidised  organic  com- 
pound yields  a  hydrocarbon  by  dehydration,  the  water  eliminated 
contains  two,  or  some  multiple  of  two,  units  of  hydrogen. 

1.  Formation  of  Olefiant  Gas  from  Alcohol. 

or,  CX02-2H0  =  C,H,. 

2.  Formation  of  Mesitylene  from  Acetone. 

SGgHgO  -3H2a=-GgHi2 ; 
or,  3C6H6O2-  6H0  =Ci8Hi2. 

3.  Formation  of  Cymene  from  Camphor. 

or,  C2oH,602-2HO  =C^,\i,,. 

Other  corapomids  than  hydrocarbons  result  from  similar  equa- 
tions, thus — 
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4.  Formation  of  Acrolein  from  Glyce7'in. 
or,  C6H3O6-4HO  =C,ll,0^. 

2°  Whenever  an  organic  acid  yields  a  pyroacid,  or  other  pyro- 
genous  product,  by  dehydration  : — 

1.  Formation  of  Carbonic  Oxide  from  Formic  Acid. 

or,  C2H20^-2HO  =  C202. 

2.  Formation  of  Maleic,  from  Malic  Acid. 

C,H605-H2a=G,H,0,; 
or.  C3H60,o-2HO  =  C3H,Os. 

3.  Formation  of  Pyruvic,  from  Tartaric  Acid. 

or,  C^^,0,^-2^0  -2Q0\=.C^n,0,. 
4.  Formation  of  Aconitic,  from  Citric  Acid. 

or,Ci2H30i,-2HO  =  C,2H60,2. 
5.  Formation  of  Pyromucic,  from  Mucic  Acid. 

or,  Ci2H,oOi6-6h6  -2C02  =  C,oH,06. 

3\  Whenever  two  compounds  act  upon  one  another  to  form  a 
new  compound,  with  simultaneous  elimination  of  water. 

Action  of  an  Acid  upon  a  Hydrocarbon. 

1.  Suljjhobenzide. 

112^^4  +  2'GgHg  —  2H20='Gj2HjqS02  ; 
or,  H,S20g  +  2Ci2H6-4HO  =C,^^11,^^^0^; 
or,  HSO4    4-   C12H6-2HO  =Ci2H,oS02. 

2.  Sulphobenzidic  Acid. 
or,  H2S2O8  +  C12H6  -2HO  =  Ci2H6S206. 
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3.  Nitro-naphthaline. 
HNO«  +C,oH3-2HO  =  C2oH,  (NOJ 

Action  of  an  Acid  upon  an  Alcohol. 
4.  Phosphovinic  Acid. 

or,  H3PO3+  C,H60,-2HO  =  H,  (C.H^)  PO3. 

5.  Benzoic  Ether. 

G,  H602  +  €2H6a  -  U^i^=Q^Yi^.Q^Yl^Q^; 
C.^HgO,  +C,H602  -2HO  =  C,H5.Ci,HA. 

Action  of  an  Acid  upon  an  Alkali. 
6.  Sulph-anilic  Acid. 

H2SO,  +  G6H7N  -  H20=G6H7NSO3; 
H^S^Og  +  Cj  2H7N  -  2H0  =  Cj^H^NS^Og. 

7.  Nitraniline. 

HNOg+Cg  H7N-H2a=C6  He  {^^^)  N; 
HN06  +  Ci2H7N-2HO  =  Ci2H6  (NOJ  N. 

Action  of  an  Acid  upon  an  Acid. 
8.  Nitrosalicylic  Acid. 

HNO3+C7  HgOg-  H2a=-G7  H5  (Na2)  ©3  ; 
HN06  +  C,,H606-2HO  =  C,,H5  (NO,)  O^. 

Action  of  an  Acid  upon  an  Aldehyd. 
9.  Nitro-benzoic  Aldehyd. 

HN.Q3  +  G,  HfiO  -  n^(^=Gj  H5  (NO2)  O ; 
or,  HN06  +  Ci,H602-2HO  ^Ci^H^  (NOJ  O2. 

Action  of  an  Alkali  upon  an  Aldehyd. 
10.  Hydrobenzamide. 

2NH3  +  3C,  H60-3H2a=€2,Hj3N2; 
or,2NH3  +  3Ci4H602-6H  0  =  C42Hi8N2, 
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4°.  Whenever  a  salt  of  ammonia^  aniline^  or  other  volatile  alkali 
loses  water. 

1.  Formation  of  Cyanhydric  Acid. 

NHg.eH^O^  -2H20=e  N.H ; 
or,  NH3.C2H20^-4HO  =C2N.H. 

2.  Formation  of  Benzanilide. 

or,  C,2H,N.Ci,H60,-2HO  =  Ci2H6  (C^.H.O^)  N. 

3.  Formation  of  Aceto-nitrile. 

NH3.C2H^a2-2H2a=€2H3N 
NH3.C^H^04-4HO   =C^H3N 

In  all  the  illustrations  hitherto  brought  forward,  the  water  has 
been  the  resultant  of  the  reaction.  Many  of  these  reactions  are 
capable  of  being  reversed,  and  the  water  then  appears  as  the  agent 
of  the  reaction. 

But  we  can  also  adduce  an  abundance  of  other  and  most  varied 
instances  in  which  water  is  the  agent  of  a  reaction. 

1.  Decompositioti  of  Hippuric  Acid. 

or,  C,8H9N06  +  2HO  =  Ci,H,0,  +  C,H5N04. 

3.  Decomposition  of  Pentachloride  of  Phosphorus. 

PCl5  +  H20=PaCl3  +2  HCl; 
or,  PCl5  +  2HO=:P02Cl3  +  2HCl. 

3.  Decomposition  of  Chloride  of  Benzoyl. 

e,  ll,C\Q+U^Q=Q^  HeO^  +  HCl; 
or,  Ci4H5C102  +  2HO=  Ci^HgO^  +  HCl. 

4.  Decomposition  of  Zinc-ethyl. 

or,  C4H5Zn  +  2HO  =  C4H6  +  ZnH02. 

The  circumstance  that  2 HO  are  invariably  associated,  is  strongly 
suggestive  of  their  being  inseparably  associated,  of  their  constitut 
ing  in  fact  but  one  atom. 
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e.  Because,  in  the  majority  of 
the  compounds  ivhich  ammonia 
forms  with  other  bodies,  the  am- 
monia must  be  represented  with 
three  units,  or  some  multiple  of 
three  units,  of  hydrogen. 


€.  Because,  in  the  majority 
of  the  compounds  which  water 
forms  ivith  other  bodies,  the 
water  must  be  represented  tvith 
two  units,  or  some  multiple  of 
tioo  units,  of  hydrogen. 


We  may  take  aldehyd-ammonia  •G2H4O2.NH3,  and  ammoniacal 
sulpliate  of  zinCj  Zn.2S0^.4NH3,  as  nitrogenous  illustrations. 
The  oxyge)ious  illustrations  are  innumerable,  including  nearly  all 
cases  of  water  of  crystallization.     We  may  take  as  examples : — 


j  Fructose 
(Glucose 

^  Dextrine 
^Lactine 


^6"^10  -  5 


or,  C12H12O1.2. 

or,  C12H12O12.2HO. 

or,  CjoHioOio. 

or,  C10H10O10.2HO. 


Hydrate  of  turpentine  CioHjg.SH^O;  or,  CooHjf^.GHO. 

Hydrate  of  alloxan        €4  H^  N2a^.H2a  ;  or,  C8H2N2O8.2HO. 


f.  Because,  although  the 
formula  of  some  jew  nitrogen- 
ized  bodies  may  be  represented 
most  simply  by  formultje  in  which 
Az  =  4"7,  yet  the  great  majority 
are  represented  most  simply  by 
formulae  in  ivhich  N=14. 


^.  Because,  although  the 
formidce  of  some  feiv  oxidized 
bodies  may  be  represented  most 
simply  by  formidce  in  ivhich 
0  =  8,  yet  the  great  majority 
are  represented  most  simply  by 
formulce  in  which  0=16. 


This  argument  applies  strongly  in  the  case  of  nitrogenized,  but 
much  more  strongly  in  the  case  of  oxydized  compounds. 

Ammonia,  and  all  derivatives  of  ammonia  in  which  the  whole  of 
the  hydrogen  is  replaced  by  one  single  kind  of  metal,  or  hydro- 
carbon, or  haloid,  might  be  represented  more  simply  by  formulae 
in  which  Az  =  4-7,  than  by  formulae  in  which  N=14.  Thus 
triethylamine  is  Avritten  most  simply  Az  ^2^5'  though  most  cor- 
rectly by  N  ?>G.^Yi^. 

I  believe  that  all  other  nitrogenized  bodies  are  necessarily 
represented  most  simply  by  formula  in  which  N  =  14. 

With  regard  to  oxygen,  all  hydrated  oxides,  double  oxides, 
hydrated  acids,  oxy-salts,  aldehyds,  ketones,  alcohols,  pseudo- 
saline  ethers,  and  various  other  descriptions  of  compounds,  doubt- 
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less  forming  together  99  per  cent,  of  all  known  compounds  of 
oxygen,  cannot  be  represented  so  simply  by  formulse  in  which 
0  =  8  as  by  formulae  in  which  0=16. 

I  have  contended  that  if  the  comparable  atoms  of  nitrogenized 
bodies  were  correctly  formulated,  they  would  all  of  them  be  repre- 
sented more  simply  by  formulae  in  which  N  =  14,  than  by  formulae 
in  which  Az  =  4'7;  and  I  now  contend  that  if  the  comparable 
atoms  of  oxidized  bodies  were  correctly  formulated,  they  would  all 
be  represented  more  simply  by  formulae  in  which  44=16,  than  by 
formulae  in  which  0  =  8.  But  precisely  as  there  are  some  few 
nitrogenized  bodies  which,  with  the  symbol  Az=4*7,  may  be 
divided  into  thirds,  and  can  thus  receive  simpler  formulae  than 
with  the  symbol  N=14,  so  are  there  some  comparatively  few 
oxidized  bodies  which,  with  the  symbol  0  =  8,  may  be  divided  into 
halves,  and  can  thus  receive  simpler  formulae  than  with  the  symbol 
0=I6.     These  bodies  are  the  following : — 

1°.  Most  compounds  in  which  oxygen  is  united  with  one  kind  of 
matter  only,  including  nearly  all  the  simple  metallic  oxides. 

Thus  with  0=16,  water  and  lime  must  be  written  respectively 
H2O  and  Ca2'Q,  analogous  to  hydrate  of  lime  CaHO;  but  with 
0  =  8  they  may  be  written  thus — H.^O^  and  Ca.^O.^,  analogous  to 
hydrate  of  lime  Can02 ;  or  thus — HO  and  CaO.  I  do  not  propose 
to  argue  the  point  whether  CaO,  or  Ca202  (  =  Ca2-Q),  is  the  correct 
expression  for  a  metallic  oxide,  lime;  any  more  than  I  have  argued 
the  point  whether  HgAz,  or  Hg3Az3  (  =  Hg3N),  is  the  correct 
expression  for  a  metallic  nitride,  mercuramine.  We  are  at  present 
discussing  whether  the  formula  of  water  is  HO  or  H2O2  {='H.jU\ 
and  the  decision  upon  this  point  will  determine  that  of  the  metallic 
and  other  simple  oxides.  It  may  be  observed,  however,  that  many 
strictly  comparable  reactions  can  be  effected  by  means  of  lime 
hydrate  of  lime,  and  water  respectively,  and  that  in  these  cases  we 
always  require  2H0,  or  2CaO,  to  effect  the  reaction.  Of  course 
if  Ca202  is  the  correct  expression  for  the  atom  of  lime,  the  formula 
with  Q=  16  is  simpler  than  that  with  0  =  8,  and  similarly  with 
other  homogeneous  oxides. 

2°.  Bodies  analogous  to  ordinary  ether  and  the  homogeneous 
anhydrides.  With  44=  16,  ether  and  benzoic  anhydride  must  be 
written  respectively — 

Et20  analogous  to     H  Et  O     and  Me  Et  4) 

Ether.  Alcohol  Methyl-ethyl-ether; 
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and  BzoO  analogous  to     H  Bz  O       and  Ot  Bz  O 

Benz-anhydride.  Benzoic  acid  Othyl-benz-anhydride; 

but  with  0  =  8  they  may  be  written  thus : — 

Et2  O2  analogous  to  H  Et  O2  and  Me  Et  O2 ; 
and  BZ2  O2  analogous  to  H  Bz  O2  and  Ot  Bz  O^ ; 
or  thus  :— Et  O  and  Bz  O. 

Now  all  arguments,  founded  on  mode  of  formation,  on  reactions, 
on  vapour-densities,  on  seriated  position  and  properties,  &c.,  tend 
to  show  that  EtO  and  BzO  are  not  correct  expressions  of  the 
nature  of  the  bodies  represented  •*  and  if  Et202  and  BZ2O2  are  the 
correct  expressions,  it  is  at  once  evident  that  in  these  cases 
formulae  with  0=16  are  simpler  than  formulae  with  0  =  8. 

3°.  Certain  acids,  and  their  salts  of  one  metal,  heretofore  usually 
considered  monobasic,  but  which  in  reality  are  bibasic.  Thus 
with  0=16  the  hydrated  carbonic,  sulphurous,  and  sulphuric  acids 
must  be  represented  respectively  by  the  formulae : — 

Xi o"^  -* ^  Xj.oi^'^^3  -aI 2^ ^"^4* 

But  with  0  =  8  they  may  be  represented  thus, 

HoC^Og  H2S20g  H2S20g  ; 

Or  thus,  HC63  HSO3  HSO^. 

But,  in  these  cases,  we  can  adduce  strong  evidence  to  show  that 
the  simple  formulae  HCO3,  HSO3,  and  HSO^,  are  not  correct  ex- 
pressions of  the  nature  of  the  bodies ;  and  if  the  correct  expres- 
sions are  H2C2O6,  H2S20g,  and  H2S2O8,  that  is  to  say,  if  the 
acids  are  bibasic,  then  the  formulae  with  0=16  are  evidently 
more  simple  than  those  with  0  =  8.  We  shall  presently  advert  to 
the  distinctions  between  monobasic  and  bibasic  acids. 

♦  I  mean  to  say  that  ether,  by  its  mode  of  formation  and  chemical  reactions,  by 
its  vapour  density  and  other  physical  properties,  belongs  to  the  following  series  of 
strictly  comparable  substances,  and  that  its  formula  is  not  C4H5O,  tiut  CgHjoOa 
_jQ   jj    Q   vide  Williamson,  Journal  of  Chemical  Society,  vol.  iv. 

Vinic  Ethers. 

H    O.  C4H5O  H    .  €21^50  Hydro-ethylic. 

C2H3O.  C4H5O  en^.Q^U^Q  Methyl-ethylic. 

C4  H5  O.  C4H5O  C2H5  .  ^.2^50  Etbyl-ethylic. 

Cg  H,  O.  C4H5O  C3H7  .  G.^^^Q  Propyl-ethylic. 

Cg  Hg  O.  C4H5O  e.Hg  .  Q^U.Q  Butyl-ethylic. 

CioHjiO.  C4H5O  G^^w  ^2^50  Amyl-ethylic. 
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tj  Because,  in  ammonia,  the 
actual  or  potential  replacement 
of  hydrogen  takes  place  defi- 
nitely in  thirds,  by  three  suc- 
cessive stages. 


7}  Because,  in  water,  the  ac- 
tual or  potential  replacement 
of  hydrogen  takes  place  defi- 
nitely in  halves,  by  two  suc- 
cessive stages. 


We  have  no  definite  nitride  tliat  can  be  represented  as  ammonia 
in  which  one-half  the  hydrogen  is  replaced,  as  we  might  expect  if 
the  atomic  weight  of  nitrogen  were  4' 7.  We  have  no  definite 
oxide  that  can  be  represented  as  water,  in  which  one-third  the 
hydrogen  is  replaced,  as  we  might  expect  if  the  atomic  weight  of 
oxygen  were  8.     Thus, 


Chloride, 

Oxide. 

Nitride. 

KCl 

KO 

HAz 

KCl.HgCl 

KO.HO 

Wanting 

KC1.2HgCl 

Wanting 

HAz.2PtAz 

H  )  ^) 

If  we  write  water  tt   /■  ^,  and  ammonia  H  >■  N,  we  at  once  see  the 

necessity  or  reason  for  the  vacancies.  In  water  we  can  replace  a 
half,  but  not  a  third.     In  ammonia  we  can  replace  one-third  or 

TT    I 

two-thirds,  but  not  a  half;  whereas  in  marsh  gas  tt  >€>  we  can 

h) 

replace  one-fourth,  two-fourths,  or  three-fourths,  but  not  one- 
third,  or  two-thirds  of  the  hydrogen.  We  are  acquainted  with 
many  ammonias  in  which  1,  2,  and  3  thirds  of  the  hydrogen  are 
replaced,  such,  for  instance,  as 

NH2K  Potassamide 
NHI2  Biniodamide 
NHgg     Trimercuramine 

But  the  most  striking  illustration  of  replacement  by  thirds  is 
afforded  by  Hofmann^s  researches  on  the  volatile  alkaloids,  in 
which  he  successively  replaced  1,  2,  and  3  atoms  of  hydrogen  by 
a  mere  continuation  of  one  and  the  same  process. 


Ammonia. 


N 


Trietlivlia. 


N 


Ethyl-methyl- 
aniline. 

(Ph 

N^Et 
(Me 
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We  are  acquainted  with  many  oxides  that  may  be  considered  as 
derivatives  of  water,  in  which  one  half  the  hydrogen  is  replaced, 
or  in  which  both  halves  are  replaced  by  different  elements  or 
groupings.     Thus, 

Water.        Alcohol.         Ether.         Methyl-ether.     Phenyl-ether.  Ethylate  of  potass. 

^  (H      ^  IH      ri  m     o  jEt  ^  (Et  ^  fEt 

^  in      ^  lEt     ^  lEt     ^  JMe  ^  iPh         ^  IK 

Hydrate  Oxide  Zinc  oxide       Hypochlorite  Hypochlorous  Hypochlorous 

of  potass.  of  potass.        of  potass.  of  potass.  acid.  anhydride. 

CI 
CI 


a|H         ^|K       ^|Zn  ^|K        ^|H  ^| 


In  many  cases  we  can  effect  the  total  replacement  by  the  same 
element  or  grouping  at  two  successive  stages.     Thus, 

a  jg    Water 

Water  and  potassium  yield  ^  1  K    Hydrate  of  potass 

Hydrate  of  potass  and  iodide  of  ethyl  rv   (H     .,     ,    , 
yield  ^  |Et    ^^^0^^°^ 

Alcohol  and  potassium  yield  ^  "l  Ff  ^^bylate  of  potass 

Ethylate  of  potass  and  iodide  of  ethyl   r\   fEt   ^^^, 
yield  *     ^  JEt   ^^^^'' 

Ethylatji^of  potass  and  iodide  of  methyl  ^  jEt^  ^^^,^^^^^,^  ^f  ^^^^1 

CK 

Hydrate  of  potass  and  potassium  yield  4^  w    Oxide  of  potass. 

This  brings  to  a  conclusion  my  arguments  upon  the  atomic 
weights  of  oxygen  and  water,  founded  on  a  comparison  of  the 
arguments  which  apply  in  the  case  of  nitrogen  and  ammonia. 
The  point  that  I  urge  is  not  so  much  the  absolute  point,  namely, 
that  the  atomic  Aveight  of  oxygen  must  be  16,  as  the  relative  point, 
namely,  that  if  the  atomic  weight  of  nitrogen  is  14  and  not  4'7, 
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the  atomic  weight  of  oxygen  must  be  16  and  not  8.  Every  argu- 
ment that  applies  to  the  first  case,  applies  with  equal,  if  not  greater 
force,  to  the  second.  T  know  very  well  that  some  of  the  argu- 
ments I  have  adduced,  as  that  from  analogy,  for  instance,  may  be 
apparently  subverted  by  the  subterfuge  of  writing  water  H2O2  ; 
but  I  also  know  that  chemists  who  make  use  of  the  formula 
H2O2  to  represent  water,  act  most  inconsistently,  if  they  do  not 
also  make  use  of  the  formulse  H3AZ3  to  represent  ammonia. 
There  are  three  consequent  methods  of  formulating  chlorhydric 
acid,  water,  and  ammonia  in  respect  to  one  another,  namely, 

I.                               II.  III. 

HCl  HCl  HCl 

HO  H2O2  H2a 

HAz  H3AZ3  H3N 

The  first  method  was  that  employed  by  Dalton,  who  wrote 
ammonia  0(D  =  1  +5,  and  water  00  =  1  +  7. 

But  both  the  following  modes  are  most  inconsequent,  and 
therefore  reprehensible : — 

IV.  V. 

HCl  =  2  vol.  HCl   =2  vol. 

HO  =  1  vol.  H202  =  2  vol. 

H3N=2vol.  H3N  =  2vol. 

Series  IV.  represents  irrelative  quantities,  and  series  V.  accords 
irrelative  formulae  to  comparable  quantities.  I  would  observe,  in 
reference  to  series  I.,  II.,  and  III.,  that  the  selection  of  one  or 
other  of  them  involves  both  a  question  of  fact  and  a  question  of 
convenience.  Whether  the  first  or  the  second  series  really  repre- 
sents comparable  quantities,  that  is  to  say,  whether  the  atom  of 
water,  or  the  smallest  proportion  of  water  that  is  the  agent  or  re- 
sultant of  a  reaction,  contains  twice  as  much  hydrogen  as  the 
atom,  or  smallest  reacting  and  resulting  proportion  of  hydrochloric 
acid,  is  a  question  of  fact.  "Whether  the  formula  in  the  second, 
or  that  in  the  third  series  is  the  most  appropriate  mode  of  ex- 
pressing the  fact,  may  be,  to  some  extent,  at  least,  a  question  of 
convenience,  though  at  the  same  time  it  is  one  of  very  consider- 
able importance.  The  same  remarks  apply  to  the  formulae  for 
ammonia. 

But  we  have  an  additional  argument  in  favour  of  the  duplication 
of  the   atom  of  oxygen,   derived   from   the   series  into  which   it 
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enters.  Thus  in  all  compounds  of  oxygen  with  two  other  kinds  of 
matter,  as  particularly  instanced  by  ox-acids  and  oxy-salts,  the 
oxygen  increases  by  16  parts ;  and  in  none  of  these  compounds 
can  we  add,  subtract,  or  replace  a  less  quantity  than  16  parts  of 
oxygen.  Why  this  should  be,  unless  the  16  parts  constitute  an 
indivisible  proportion,  or  chemical  atom,  I  am  at  a  loss  to  con- 
ceive.    The  following  are  illustrations  : — ' 


Chlor-hydric  acid    . . 
Hypochlorous  acid 
Chlorous  acid 
Chloric  acid 
Perchloric  acid 

Phosphuretted  hydrogen 
Chlorophosphoric  aldehyd 
Hypophosphorous  acid 
Phosphorous  acid    . . 
Phosphoric  acid 

Ethylene 
Aldehyd 
Acetic  acid 
Gly colic  acid 

Chloride  of  carbon 

Phosgene 

Formic  acid 

Carbonic  acid  (hydrated) 


HCl 

or  HCl 

HCIO 

or  HCIO2 

HCIO, 

or  HCIO 4 

HCIO3 

or  HClOg 

HCIO4 

or  HClOg 

H3P 

or  H3P 

ClgPO 

or  CI3PO3 

U,VQ^ 

or  H3PO4 

H3PO3 

or  H3PO6 

H3PO, 

or  H3PO8 

H,€, 

or  H4C4 

H,€,a 

or  H4C4O2 

H^c.a, 

or  H^C.O^ 

H,e,A 

or  H.C.Og 

C1,C 

or  CI2C2 

Cl^GQ 

or  CI2C2O2 

U.GQ, 

or  H^Cp^ 

H,QQ, 

or  H2C2O6 

Precisely  as  the  triplication  of  nitrogen  necessarily  leads  to  the 
triplication  of  phosphorus  and  its  congeners,  so  must  the  duplica- 
tion of  oxygen  lead  to  the  duplication  of  sulphur  and  its  con- 
geners. Every  argument  that  applies  to  the  duplication  of  oxygen 
applies  with  almost  equal  force  to  the  duplication  of  sulphur, 
even  that  argument  derived  from  the  combining  volume  of  sulphur 
vapour,  provided  the  researches  of  Bineau  are  trustworthy.  One 
important  consequence  arises  from  the  duplication  of  the  atomic 
weight  of  sulphur,  namely,  the  necessary  representation  of  the 
sulphurous  and  sulphuric  acids  as  bibasic.  Now  the  question  of 
basity  is  a  purely  experimental  one.     If  we  find   the  sulphurous 
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and  sulphuric  acids  to  have  the  properties  of  bibasic  acids,  we  have 
a  strong  corroboration  of  the  high  atomic  weights  of  sulphur  and 
oxygen.  But  if  we  should  find  the  sulphurous  and  sulphuric 
acids  to  have  the  properties  of  monobasic  acids,  that  single  cir- 
cumstance would  be  of  itself  almost  sufficient  to  discredit  the 
view  which  accords  to  oxygen  the  atomic  weight  16,  and  to 
sulphur  the  atomic  weight  32. 


Certain  oxacids  have  the  following  pro- 
perties : — 

a.  Each  of  them  can  form  but  one  kind 
of  ether.  Tliis  is  neutral  in  its  properties. 
Within  two  volumes  of  its  vapour  there  is 
contained  but  one  volume  of  ethyl  or  alco- 
hol residue. 

/3.  Each  of  them  can  form  a  chloride, 
or  rather  chloraldehyd,  within  two  volumes 
of  the  vapour  of  which  is  contained  bid 
one  volume  of  chlorine.  Each  chloral- 
dehyd can  exchange  chlorine  for  peroxide 
of  hydrogen  to  reform  the  normal  acid, 
but  there  is  not  any  compound  interme- 
diate between  the  chloraldehyd  and  the 
normal  acid. 


y.  Each  of  them,  by  reacting  with  am- 
monia, can  form  but  one  primary  amide. 
This  is  neutral  in  its  properties. 

8.  They  cannot  any  of  them  form 
stable  well-defined  acid  salts,  or  salts  with 
two  or  more  metallic  bases. 


They    cannot    any    of    them    form 


11. 


Certain  otlier  oxacids  have  tlie  follow- 
ing properties  :  — 

a.  Each  of  them  can  form  two  ethers, 
the  one  neutral,  the  other  acid;  for  ex- 
ample, sulphatic  ether  and  sulpho-vinic 
acid.  Within  two  volumes  of  the  neutral 
etlier  there  are  contained  two  volumes  of 
alcoliol  residue. 

/3.  Each  of  them  can  form  a  chloral- 
dehyd, within  two  volumes  of  the  vapour 
of  which  are  contained  two  volumes  of 
chlorine.  Tliese  chloraldehyds  can  each 
exchange  chlorine  for  peroxide  of  hydro- 
gen to  reform  the  normal  acid  ;  but  there 
is  a  compound  intermediate  between  the 
chloraldeliyd  and  the  normal  acid,  so  that 
the  conversion  may  be  effected  at  two 
successive  stages.  Thus  chloro-sulphuric 
aldehyd  can  produce  first,  chlorhydro-sul 
phuric  acid,  and  then,  normal  sulphuric 
acid. 

y  Each  of  them,  by  reacting  with  am- 
monia, can  form  two  primary  amides,  the 
one  neutral,  the  other  acid;  for  example, 
sulphamide  and  sulphamic  acid. 

8.  Each  of  them  conform  stable,  well- 
defined  acid  salts,  exactly  intermediate  in 
composition  between  the  neutral  salt  and 
the  free  acid,  such  for  instanc-e  as  the 
bisulphate  of  potass.  Each  of  tliem  can 
form  well  defined  double  salts,  in  whicli 
either  one-half  or  one-fourth  the  basic 
hydrogen  is  replaced  by  a  basylous  metal, 
the  quantity  of  reacting  acid,  however, 
being  twice  as  great  in  the  second  case 
as  in  the  first.  Common  alum  is  an  ex- 
ample of  the  second  variety,  potass-sul- 
phate of  nickel  an  example  of  the  first^ 
The  acids  of  this  class,  moreover,  produce 
various  ill  defined  hybrid  salts,  in  which 
the  basic  hydrogen  of  the  acid  is  replaced 
by  an  indefinite  number  of  metals  in  in- 
definite proportions. 

f.    Each    of    them    can   form    double 
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double  or  multiple  ethers,  that  is,  ethers 
with  two  or  more  varieties  of  alcohol 
residue. 


f.  They  cannot  any  of  them  form 
double  or  multiple  amides,  that  is,  amides 
with  two  or  more  varieties  of  ammoniacal 
residue. 

Tj.  They  cannot  any  of  them  form 
etheramides,  or  compounds  containing  both 
alcoholic  and  ammoniacal  residues. 


6.  They  cannot  any  of  them  form  com- 
plex acids  by  reacting  with  hydrocarbons. 


I.  As  a  general  rule,  the  acids  of  this 
class  are  more  volatile  than  those  of  the 
succeeding  classes,  while  their  salts  are 
more  soluble.  They  very  rarely  yield 
anhydrides  by  direct  dehydration,  or  form 
anhydro-salts.  They  do  not  form  distinct 
varieties  of  salts,  such  as  have  received 
the  prefixes  pura-,  meta-,  iso-,  &c.  Acids 
which  have  the  properties  described  un- 
der the  above  heads  are  classed  as  mono- 
basic acids, 

K.  It  is  observable  that  when  a  mono- 
basic acid  reacts  upon  another  monobasic 
acid  to  form  a  new  acid  by  the  elimina- 
tion of  water,  the  new  acid  has  also  the 
properties  of  a  monobasic  acid ;  for  ex- 
ample, nitro-benzoic  acid. 


ethers,  that  is,  ethers  with  two  varieties 
of  alcohol  residue  in  equal  proportions ;  for 
example  the  double  sulphate  of  ethyl  and 
methyl,  the  double  carbonate  of  ethyl 
and  amyl,  &c. 

f.  Each  of  them  can  form  double 
amides,  that  is,  amides  wiih  two  varieties 
of  ammoniacal  residue  in  equal  propor- 
tions; for  example,  anilo-sulphamide,  or 
anilo-carbamide. 

T).  Each  of  them  ca7i  form  double 
etheramides,  that  is,  compounds  with  an 
alciiholic  and  an  ammoniacal  residue  in 
equal  proportions ;  for  example,  sulpha- 
methane,  or  sulphamethylane. 

6.  Each  of  them  can  form  complex 
acids  by  reactirg  with  hydrocarbons  ;  for 
example,  the  sulpho-benzidic  and  sulph- 
ethylenic  acids. 

I.  As  a  general  rule,  the  acids  of  this 
class  are  less  volatile  than  those  of  the 
preceding  class,  while  their  salts  are  less 
soluble.  They  yield  anhydrides  by  direct 
dehydration;  they  form  anhydro-salts,  and 
also  distinct  varieties  of  salts,  such  as 
have  received  the  prefixes  para-,  meta-, 
iso-,  &c.  Acids  which  have  the  properties 
described  under  the  above  heads  are 
classed  as  hihasic  acids. 

K.  It  is  observable,  that  when  a  biba- 
sic  acid  reacts  upon  a  monobasic  acid  to 
form  a  new  acid  by  the  elimination  of 
water,  the  new  acid  has  also  the  proper- 
ties of  a  bibasic  acid;  for  example,  sulpho- 
bcnzoic  acid. 


There  are  many  other  distinctions  between  the  two  classes  of 
acids,  but  the  above  are  the  most  important.  Sulphurous  and 
sulphuric  acids  therefore  are  considered  to  be  bibasic,  simply 
because  they  are  possessed  of  certain  properties  which  are  charac- 
teristic of  bibasic  acids,  Avithout  any  reference  whatever  to  their 
formulae.  The  circumstance  of  their  bibasity,  as  far  as  it  goes, 
is  in  favour  of  the  duplication  of  the  atoms  of  sulphur  and  oxygen, 
from  which  such  bibasity  follows  as  a  necessary  consequence,  inas- 
much as  with  these  high  atomic  weights  it  is  impossible  to  repre- 
sent the  acids  as  being  other  than  bibasic.  With  0  =  8  and 
S  =  16,  the  formulae  for  the  bibasic  acids  would  be  H2S,20(5  and 
HjS.^Og  respectively,  than  which  the  formulae  H.^SOs  ^^^^^  H2SQ4 
are  evidently  more  simple.  Moreover,  we  are  thus  enabled  to 
formulate  two  natural  series  of  acids. 
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Chloric 

HClOa 

HCIO4 

Perchloric 

Sulphurous 

H2SO3 

^i^Qi 

Sulphuric 

Phosphorous 

HsPOa 

H3PO, 

Phosphoric 

The  properties  of  tribasic,  and  quadribasic,  are  as  well  defined 
as  are  those  of  bibasic  acids.  Thus  a  tribasic  acid  can  form  three 
ethers,  two  of  them  acid  and  one  neutral.  Also,  a  chloraldehyd 
which,  within  two  volumes  of  vapour,  contains  three  volumes  of 
chlorine.  Also,  three  amides,  two  of  them  acid  and  one  neutral. 
Also,  acid  and  double  and  treble  salts,  in  which  the  hydrogen  and 
bases  are  related  to  one  another  by  thirds.  Also,  treble  ethers, 
treble  amides,  treble  etheramides,  &c.,  &c.  In  reference  also  to 
the  basity  of  sulphuric  acid,  I  might  start  from  another  point, 
and  show,  by  parallel  arguments,  that  for  every  property  of 
phosphoric  acid  which  causes  it  to  be  recognized  as  tribasic,  there 
is  a  similar  property  of  sulphuric  acid  which  must  cause  it  to  be 
considered  as  bibasic,  precisely  as  I  have  shown  that  the  accord- 
ance of  a  terhydric  character  to  ammonia  necessitates  the  accord- 
ance of  bi-hydric  character  to  water. 

With  regard  to  the  duplication  of  carbon,  it  is  found  that  car- 
bonic and  sulpho-carbonic  salts  have  bibasic  properties,  and  must 
consequently  be  written  HMC20g,  M2C20g,  M2C2Sg,  &c.  Also, 
that  the  smallest  quantities  of  carbonic  oxide,  carbonic  anhydride, 
and  sulpho-carbonic  anhydride,  that  are  the  agents  or  resultants  of 
reactions,  contain  twice  the  quantity  of  substance  usually  repre- 
sented by  their  respective  formulae ;  or,  in  other  words,  that  their 
real  formulae  are  C2O2,  €20^,  and  C2S4.  By  making  these  few 
alterations,  all  compounds  of  carbon  become  formulated  with  an 
even  number  of  carbon-atoms,  so  that  nothing  is  easier  than  to 
substitute  one  large  carbon  atom,  Q  having  the  value  12,  for 
two  small  carbon  atoms,  C2  having  each  the  value  6.  In  this 
way,  the  anomaly  of  the  increment  of  carbon,  in  homologous  series, 
always  taking  place  by  two  inseparable  atoms  is  done  away  with, 
as  is  also  the  anomaly  of  the  atomic  heat  of  carbon. 
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XI. —  On  the  General  Characters  of  the  lodoSidphates  of  the 
Cinchona- Alkaloids. 

By  W.  Bird  Herapath,  M.D.,  F.R.S.E. 

In  a  paper  recently  presented  to  the  Royal  Society,  entitled 
"  Researches  on  the  Cinchona  Alkaloids/'  the  author  has  had 
the  honour  of  communicating  the  discovery  of  a  class  of  salts, 
analogous  to  the  sulphate  of  iodo-quinine,  first  described  in  the 
Phil.  Mag.,  March,  1852,  and  the  crystallography  of  which  was 
subsequently  more  fidly  elicited  in  a  paper  which  appeared  in  the 
Proceedings  of  the  Royal  Society,  vol.  vi. 

The  optical  and  chemical  characters  of  these  remarkable  new 
bodies  present  many  points  of  striking  similarity  ;  yet  a  careful 
examination  will  disclose  differences,  more  especially  in  their  optical 
properties,  sufficient  to  induce  the  author  to  propose  the  formation 
of  these  optical  salts  as  a  means  of  recognizing  each  of  the  cinchona 
alkaloids,  or  as  a  method  of  ascertaining  their  purity,  for  which 
and  for  a  complete  description  of  these  beautiful  compounds,  the 
author  begs  to  refer  to  his  original  paper,  or  to  the  abstract  of  the 
2nd  part,  read  at  the  Royal  Society,  Nov.  26  ultimo. 

In  the  present  communication,  only  a  brief  abstract  of  the 
principal  optical  properties  will  be  given,  so  as  to  enable  each  salt 
to  be  recognised,  and  the  general  chemical  characters  of  the  class 
will  be  enumerated;  but  the  niain  object  of  the  present  paper  is  the 
communication  of  the  details  of  the  author's  analytical  results 
obtained  in  his  investigations:  from  which  he  has  been  led  to 
infer  that  these  alkaloids,  during  their  formation,  experience  some 
remarkable  change,  not  analogous  to  substitution,  however,  but 
more  allied  to  a  splitting  up  of  the  constituent  molecules  and 
re-arrangement  of  these  amongst  themselves.  This,  however,  is  a 
matter  still  open  for  confirmation,  and  requires  further  research 
from  other  expei'imentalists. 

They  all  contain  sulphuric  acid,  iodine  and  an  organic  base, 
more  or  less  modified  in  character. 

They  are  very  soluble  in  boiling  alcohol  sp.  gr.  837,  and  crystallize 
on  cooling  with  striking  physical  characters,  by  which  they  can 
be  readily  distinguished  optically. 

1st.    The    quinine    salt    is    characterised  by   its   brilliant    can- 
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tharidin-green  reflected  tint  and  strong  tourmaline  powers  of 
absorption  on  light ;  the  transmitted  light  is  polarised  in  one 
principal  plane,  and  when  analyzed  by  any  medium,  as  a  Nicol's 
prism  or  tourmaline,  or  by  two  similar  plates  superposed,  when 
the  axes  are  parallel,  appears  nearly  colourless,  having  merely  a 
slightly  pale  greenish  tint,  but  when  polarised  perpendicularly  to 
the  axes,  exhibits  a  position  of  maximum  polarisation  and  absorp- 
tion, marked  by  a  reddish  light  or  body  colour.  The  salt  is 
characterised  crystallographically,  by  being  derived  from  a  right 
rhombic  prism,  obtuse  angles  115°  and  acute  65°,  having  planes 
of  truncation  parallel  with  and  perpendicular  to  the  long  axis,  by 
which  prisms  are  produced,  a  and  ^,  which  exhibit  appearances 
of  maximum  absorption  when  the  planes  of  their  length  are  at 
right  angles  to  a  plane  polarised  beam  as  in  the  a  prism,  or  paralle 
with  the  plane  polarised  beam  as  in  the  case  of  the  /3  prism.* 

2nd.  The  quinidine  salt  is  known  by  crystallizing  in  long 
quadrilateral  prisms,  possessing  a  deep  garnet  red  colour,  with  a 
purplish  superficial  reflection  tint,  and  having  a  very  slight  double 
absorption  or  tourmaline  power,  the  body  colour  being  a  dark 
brownish  red. 

3rd.  The  cinchonidine  optical  salt,  by  having  equal  tourmaline 
powers  with  the  quinine  salt;  being  also  derived  from  a  rhombic 
prism,  but  with  angles  of  137°  and  4:i°.  It  presents  its  maximum 
degree  of  absorption,  when  the  long  axes  of  the  primary  rhomboid 
lie  in  a  plane  parallel  with  that  of  the  polarised  beam,  therefore 
vertically,  if  examined  by  light  polarised  by  reflection;  in  this  case, 
it  agrees  with  the  quinine  salt.  If  these  plates  are  very  thin,  the 
transmitted  tint  or  body  colour  is  violet  blue  or  indigo-  coloured ; 
but  thicker  plates  wholly  absorb  light.  The  tint  transmitted  when 
the  plates  of  polarisation  are  parallel  is  slightly  coloured  only,  pale 
olive- green  as  in  quinine  when  very  thin,  but  yellowish  green  if 
thicker  plates  are  examined.  The  reflected  tint  is  golden  or  brassy 
yellow ;  and  is  a  beam  polarised  in  a  plane  parallel  with  that  re- 
flected from  glass ;  it  is  exhibited  when  a  plane  bisecting  the  long 
axis  of  the  primary  rhombic  crystal  is  in  a  plane  parallel  with  that 
of  the  incident  light,  and  also  of  reflection.  The  truncation  planes 
are  the  same  as  in  the  quinine  salt,  and  produce  a  and  yS  prisms. 

This  salt,  when  observed  in  mass  in  contact  with  fluids  or  glass, 
exhibits  a  green  tint  compounded  from  the  blue  body  colour,  and 
the  brassy  yellow  reflected  rays. 

*  Vide  Proceedings  of  Royal  Society,  vol.  vi.,  et  sequent. 
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4th.  The  cinchonidine  of  "Wittstein  differs  from  that  of 
Pasteur  in  producing  an  iodo-sulphate,  having  a  deep  yellow  or 
siena  brown  transmitted  light,  and  an  olive  brown  or  dull  reddish 
brown  reflected  tint.  This  salt  is  strongly  doubly  absorptive,  like 
quinine  and  cinchonidine ;  but  its  body  colour  is  siena  brown  or 
deep  bistre.     The  quantity  did  not  admit  of  analysis. 

5th.  The  cinchonidine  of  Pasteur  forms  two  other  iodo-sul- 
phates,  one  characterised  as  long  silky  golden  aciculae,  possessed  of 
slighter  optical  powers,  which  on  dissolving  in  boiling  spirit  cry- 
stallizes as  the  optical  salt  (No.  3) ;  and  a  dry  dai-k  olive-green  re- 
sidue ;  this  is  derived  by  drying  the  silky  salt  over  sulphuric  acid 
at  62°  or  on  exposure  to  212°.  This  also,  by  being  re-dissolved  in 
spirit,  crystallised  as  the  optical  salt,  whilst  the  optical  crystals  are 
reconverted  into  the  silky  by  repose  in  an  acid  spirituous  solution. 

6th.  The  cinchonine  salt  is  characterised  by  its  long  acicular 
form,  deep  purplish  red  colour  by  transmission,  and  dark  purple 
blue  reflection  tint,  like  iodine.  Thin  plates  transmit  a  lemon 
yellow ;  the  transmitted  light  is  polarised  in  one  plane  principally ; 
the  body  colour  is  deep  siena  or  bistre  brown  according  to  thick- 
ness.* 

Chemically,  these  salts  are  all  more  or  less  soluble  in  spirit, 
giving  a  deep  sherry-brown  solution,  from  which  water  precipitates 
them  in  an  amorphous  form  as  dark  brown,  cinnamon  brown,  or 
purplish  brown  precipitates.  They  are  only  very  slightly  soluble 
in  dilute  spirit,  and  scarcely  at  all  in  water  or  ether,  turpentine 
or  chloroform. 

Acetic,  diluted  sulphuric,  or  hydrochloric  acid  has  but  little 
action  upon  them ;  whilst  hydrochloric  or  sulphuric  acid  concen- 
trated decomposes  them. 

Nitric  acid  rapidly  acts  on  them  even  cold — with  violent 
evolution  of  nitrous  acid  and  production  of  heat — iodine  being 
liberated  in  a  crystalline  form. 

Alkalies  decompose  them  also. 

Sulphuretted  hydrogen,  soluble  sulphides,  sulphurous  acid  and 
sulphites,  together  with  chlorine  water,  instantly  discolour  their 
alcoholic  solution,  with  production  of  hydriodic  acid. 

In  dilute  alcoholic  solutions,  starch  gives  immediate  evidence  of 
iodine. 

Nitrate  of  silver  gives  a  yellowish  white  precipitate  of  iodide 
of  silver  and  some  organic  basic  compound,  which  can  only   be 

*  Vide  Proceedings  of  Royal  Society  for  further  description  of  the  optical  properties. 
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removed  by  the  action  of  concentrated  nitric  acid ;  tliis  reaction 
is  accompanied  by  the  disengagement  of  nitrous  acid  vapours,  with 
vehemence;  but  it  requires  boiling  to  wholly  decompose  the  com- 
pound. 

Baryta  salts  exhibit  the  existence  of  sulphuric  acid,  which  in  all 
instances  is  an  essential  constituent  in  their  formation. 

The  Quinine  Salt. — The  analyses  formerly  published  of  this  salt 
being  defective  in  many  respects,  and  incomplete  from  the  absence 
of  any  combustion  or  estimation  of  carbon,  hydrogen  and  nitrogen, 
it  has  long  been  in  contemplation  by  the  author  to  re-examine 
this  subject.  Circumstances  having  lately  greatly  increased  the 
necessity  of  doing  so,  in  consequence  of  the  discovery  of  other  salts 
belonging  to  the  same  class ;  but  one  more  especially,  viz. :  the 
cinchonidine  salt,  so  closely  similar  to  it  that  considerable  proba- 
bility existed  of  the  former  substance  having  been  impure.* 

To  avoid  a  similar  inconvenience,  it  was  first  necessary  to  pro- 
duce some  perfectly  pure  di-sulphate  of  quinine.  For  this  purpose 
the  purest  commercial  di-sulphate  was  selected  by  the  ether  test ; 
and  the  last  traces  of  cinchonidine  and  quinidine  were  removed 
by  first  preparing  the  mixed  alkaloids ;  dissolving  in  ether,  evapo- 
rating nearly  to  dryness,  dissolving  in  alcohol,  and  slow  spontaneous 
evaporation.  As  no  crystals  separated  under  either  of  these  pro- 
cesses, the  salt  was  again  converted  into  di-sulphate,  and  re-cry- 
stallized from  very  large  quantities  of  distilled  water.  Two  ounces 
of  the  di-sulphate  were  originally  employed,  and  as  these  were  re- 
crystallized  from  two  quantities  of  three  pints  of  boiling  distilled 
water,  and  a  third  time  from  one  and  a  half  pint,  it  is  presumable 
that  all  the  extraneous  sulphates  were  entirely  removed,  more 
especially  as  the  non-crystallization  from  the  ethereal  and  alco- 
holic solutions  showed  no  evidence  of  their  previous  existence  in 
any  quantity. 

In  the  former  process  employed  by  the  author,t  a  mixture  of 
acetic  acid  and  alcohol  was  employed  to  dissolve  the  di-sulphate 
of  quinine,  and  convert  it  into  the  neutral  salt,  which  is  alone 
necessary  for  the  production  of  these  crystals.  It  was  thought 
desirable  to  omit  the  acetic  acid  in  the  present  instance  and 
employ  diluted  sulphuric  acid,  which  attained  the  same  end,  and 
at  the  same  time  prevented  the  loss  of  half  the  quinine  as 
acetate  which  occurred  before,  and  at  the  same  time  got  rid  of 

*  Phil.  Mag.,  Sept.  1852.  t   Thil.  Mag.,  Sept.  1852. 
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all  idea  of  acetic  acid  or  its  elements  entering  into  the  composition 
of  the  crystals. 

(a).  I  took  60  grains  of  the  purified  di-sulphate;  dissolved  it  in 
one  ounce  of  water  acidulated  with  14  drops  of  pure  sulphuric  acid 
1*845  sp.  gr. ;  assisted  its  solution  by  heat;  when  fully  dissolved 
added  four  ounces  of  water  and  nine  ounces  rectified  spirit; 
raised  the  temperature  to  130°  Fah. ;  and  then  added  40  grains 
of  iodine  previously  dissolved  in  four  ounces  of  hot  rectified  spirit. 
The  mixture  having  been  well  agitated,  was  set  in  repose  to  cry- 
stallize. After  twelve  hours  repose,  the  crystals  w^ere  separated 
on  a  filter,  and  well  washed  with  cold  dilute  spirit  (J  spt.),  until 
they  no  longer  presented  an  acid  re-action;  the  crystals  were 
then  dried  by  expression  between  folds  of  bibulous  paper. 

This  mass  was  dissolved  in  20  ounces  of  rectified  spirit  "837  by 
boiling  and  filtered  rapidly ;  on  cooling  and  repose,  the  salt  again 
separated.  The  crystals  were  collected  on  a  filter,  washed  with 
cold  spirit,  dried  by  expression  as  before,  and  again  re-dissolved  in 
20  ounces  of  spirit,  to  which  a  little  tincture  of  iodine  was  added, 
in  order  to  correct  the  last  trace  of  sulphate  of  quinine  and  facili- 
tate the  washing;  then  set  in  repose,  separated  on  a  filter,  washed 
with  cold,  dilute  and  weak  spirit;  then  with  Avater;  dried  by 
expression  and  exposure  to  the  air ;  and  then  further  dried  in  a 
hot  water  oven  at  200°  Fah.  after  being  finely  powdered;  it  was 
thus  exposed  five  hours ;  about  64  grains  were  obtained. 

yS  and  7.  A  second  and  third  quantity  were  prepared  by  similar 
processes. 

The  plan  followed  by  the  author  in  all  the  analyses  was  the 
following : — 

a.  Iodine. — The  salt  was  dissolved  in  alcohol  by  boiling,  and 
nitrate  of  silver  added  whilst  hot ;  time  given  for  subsidence ;  the 
clear  fluid  decanted  and  passed  through  a  filter ;  the  residue  in 
the  beaker  treated  with  concentrated  nitric  acid  as  before  described; 
the  resulting  iodide  collected  on  the  same  filter,  well  washed, 
dried  and  fused,  the  ashes  of  the  filter  being  deducted  as  usual. 
To  the  filtered  acid  solution,  pure  chloride  of  sodium  was  added, 
and  the  resulting  chloride  of  silver  removed  by  filtration,  <S,:c. 

/3.  To  this,  chloride  of  barium  Avas  added  in  excess,  and  time 
given  for  the  sulphate  to  deposit,  which  was  collected  with  great 
care,  washed,  dried,  and  ignited.  Some  of  the  analyses  were  made 
with  nitrate  of  baryta,  which  accounts  for  the  slight  excess. 
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7.  The  combustions  were  all  most  carefully  made  with  chromate 
of  lead,  and  copper  employed  to  arrest  any  iodine.  The  potass 
bulbs  had  an  extra  bulb,  &c.  attached,  containing  fused  potass,  and 
the  last  portions  of  carbonic  acid  were  swept  out  of  the  combustion 
tube  by  a  current  of  dry  and  pure  oxygen  gas,  which  was  retained 
in  a  gasometer  and  passed  through  a  U-tube  filled  with  potassa 
and  chloride  of  calcium,  the  stream  being  perfectly  under  con- 
trol by  carefully  regulating  the  pressure,  and  by  a  stop-cock  ^ 
interposed. 

8.  The  water  of  crystallization  was  obtained  in  some  instances 
only,  by  the  method  previously  used,"^  viz  : 

By  mixing  weighed  portions  of  the  dry  salt  with  pure  iron 
reduced  in  hydrogen  gas,  and  by  exposing  the  mixture  in  an  oil 
bath  at  400°  Fah.  to  a  current  of  dry  hydrogen,  the  water  being 
caught  in  a  counter-poised  chloride  of  calcium  tube. 

e.  The  nitrogen  was  determined  by  M.  Pcligot's  process — 
An  acid  was  employed  having  a  sp.  g.  of  1"01494-  at  60°  Fah. 
510  gr.  measures  of  which  gave  24'"91  grs.  sulphate  of  baryta 
=i  8"ol6  sulphuric  acid  dry. 
Now  200  measures  were  always  carefully  employed,  with  every 
precaution   against  loss,  and  exactly   saturated  by  1000  gr. 
measures  of  a  standard  soda-solution. 
The  200  measures  =  3-338  sulphuric  acid  =  1*1683  nitrogen. 
The  ammonia  =  X  acid  measures — these  are  all  given  in  the 

results,  the  formula  being  200  :  1*1683  : :  X  :  N. 
Having  prepared  some  perfectly  pure  optical  iodo-  sulphate  of 
quinine,  it  was  dried  very  carefully  at  62°,  then  exposed  over  sul- 
phuric acid  during  many  days,  until  it  ceased  to  lose  weight,  then 
submitted  to  Liebig's  drying  bath  during  four  hours;  29*68  grs. 
lost  *74  grs.  water  =  2*49  per  cent,  water. 

Dry  residue  gave  the  following  results : — 

I.  20*26  of  the  dry  residue  gave  .  . 

iodide  of  silver  11*32  grs. 
sulphate  of  baryta  6*02  grs. 
II.     6*01  grs.  gave  iodide  of  silver  3*35  grs. 
„     sulphate  of  baryta  1*63. 
III.     8*25  grs.  burnt  with  chromate  of  lead  and  oxygen  gas, 
gave  carbonic  acid  12*57  grs. 
„     water  3*54  grs. 

*  Phil.  Mag.  1852. 
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IV.  11 '43  grs.  burnt  with  soda-lime 

gave  iodide  of  silver  6'45  grs. 
V.  14'37  grs.  gave  iodide  of  silver  8"43  grs. 

„     sulpliate  of  baryta  4-05  grs. 
VI.     8*15  grs.  gave  iodide  of  silver  4-78  grs. 
oJ  „     sulphate  of  baryta  2*33  grs. 

VII.     6-65  grs.  burnt  with  chromate  of  lead  and  oxygen, 
gave  carbonic  acid  10*080  grs. 
„     water  2*85  grs. 
VIII.  10-33  grs.  gave  carbonic  acid  1571  grs. 
„     water  4*225  grs. 
IX.  9*445  grs.  gave  by  Peligot's  process  for  nitrogen, 

ammonia  =  60°  gr.  M.  acid  (200°  =  1*1683  N.) 
=  *35049  N. 
X.  8*432  grs.  gave  by  Peligot's  process, 
7  (  ammonia  =  48  acid  measures  (200  =  1*1683  N.) 

=  *285592  nitrogen 
XI.     9*78  grs.  gave,  burnt  with  chromate  of  lead,  &c. 
carbonic  acid  14*72  grs. 
water  4*17  grs. 

Quinine-salt,  analyses  leading  to  the  following  centesimal  re- 
sults : — 

a  /3  r 

I            11          111         IV  V          VI        VII      VIII       IX         X         XI  Mean. 

Iodine    .    30195  30033        —  3050  31729  31-69        _____  30-8295 

Sul  Acid    10  246  9352        —         —  9-631  9.854      _____  9-7705 

Carbon   .       —            —  41554     _  —          —     4134     41456     _         —     41048  41-3496 

Hydroo-en      —           —         4766      —  _          _       4762      4544     —         —       4-737  47025 


Nitrogen 


3-711      3  38        —  3-5455 


Oxygen  .—  —  --  ___         —         -         —         -  9-8024 

100  0000 
III  VII         VIII  XI 

Carbonic  Acid    .    1523636  15158      152004  150  511        151-614 

Water     ....    42911  42-867      40-90  42638         42-326 


and  they  produce  the  following  ratio 

Iodine    . 
Sulphuric  acid 
Carbon  .     .     . 
Hydrogen   .     . 
Nitrogen     .     . 
Water  at  212° 


•24275  =     2-         atoms. 

*24426  =  2*012 
6*8582  =  56*546 
4*7025     =  38*74 

•2532    =     2-086 

•2764    =    2*27 
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and  lead  to  the  following  composition : — 


Theory. 

Expt.  Means. 

57  Carbon     . 

342  =  41-606  = 

CO' 

152-55 

41-3496 

38  Hydrogen 

38  =     4-623  = 

HO  41-607 

4-7025 

2  Nitrogen  . 

28  =     3-409 

3-5455 

10  Oxygen    . 

80  =     9-730 

9-8024 

2  Iodine 

254  =  30-900 

30-8295 

2  Snip,  acid 

80  =     9-732 

9-7705 

822      100-000  100-000 

which,  with  two  2  atoms  of  water  additional,  constitutes  the  optical 
salt  dried  over  sulphuric  acid  at  60°  Fall. 

1  dry  residue  as  above         .         .       822   =  97*857 

2  water 18  =     2-143 


840       100-000 
possibly  arranged  thus 

(C"H33N20^  +  P)  2S03HO  +  5H0  =  840 
which  appear  to  show  that  the  alkaloid  does  not  enter  into  its 
constitution  as  quinine ;  but  that  it  receives  an  affix,  during  the 
production  of  the  salt,  of  carbon  and  hydrogen  and  oxygen,  the 
amount  of  which  can  only  be  known  upon  determining  the  true 
composition  of  quinine.  If,  with  Laurent,  we  assign  to  quinine 
the  formula  C3«H22N20\  we  require  C^^H^^O*  to  be  added,  toge- 
ther with  2  iodine  and  2  sulphuric  acid,  in  order  to  constitute 
the  dry  residue,  and  2  atoms  more  water  to  produce  the  green 
optical  crystals. 
Thus  quinine 

C»^H"PO  I  ^SO^'HO  +  3H0  =  822 

which  with  2  atoms  of  water  constitute  the  beautiful  optical  salt 
already  described  by  the  author 

p38TJ22TSJ2rv4> 

C'^H"PO   I  ^SO^HO  +  5H0  =  840 

which  would  give  the  following  results 

Modified  alkaloid 52-738 

Iodine 30-900 

Sulphuric  acid           .         ,         .         .         .       9-732 
7  Water 6-75 

100-000 
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These  results  differ  somewhat  from  those  previously  published  by 
the  author;  but  may  be  easily  accounted  for  by  the  discovery  of 
an  iodo-compouud  so  remarkably  similar  as  the  iodo-sulphate  of 
cinchonidine  proves  to  be,  which  contains  more  iodine. 

The  purity  of  the  substance  formerly  analysed  is  therefore 
very  problematical  —  especially  as  in  the  production  of  that  salt, 
the  author  merely  selected  the  purest  commercial  di-sulphate, 
and  employed  it  without  submitting  it  to  any  preliminary  puri- 
fication. 

In  the  former  communication,  abundant  evidence  of  a  change  in 
constitution  was  elicited  by  the  examination  of  the  optical  proper- 
ties of  the  restored  alkaloid,  and  at  that  time  the  author  was 
disposed  to  refer  these  appearances  to  molecular  re-arrangement  of 
the  base,  whereby  it  became  analogous  to  the  7-quinine,  having 
lost  2  atoms  of  basic  HO — thus  becoming  a  monohydrate  of  the 
organic  radical  C^^'H^'^NO^  of  which  a-quinine  was  considered  the 
tri-hydrate,  quinidine  (/3-quinine)  the  bi-hydrate,  and  7-quiuine 
the  mono-hydrate,  by  Van  Heiningen.*  These  speculations  of 
the  author's  must,  however,  give  way  to  the  result  obtained  in 
the  foregoing  analyses,  which  have  been  made  with  great  care, 
and  in  a  much  more  perfect  manner  than  before,  and  upon  sub- 
stances as  pure  as  could  be  obtained,  made  at  different  times  and 
yielding  very  concordant  results.  He  therefore  ventures  to  hope, 
that  the  present  idea  of  its  constitution  will  eventually  prove  cor- 
rect in  the  hands  of  other  experimentalists ;  he  is  the  more  con- 
fident in  this  matter  as  the  above  theoretical  constitution  receives 
additional  support  from  his  examinations  of  the  three  salts  of 
cinchonidine,  which  appear  to  be  parallel  and  homologous  salts. 
But  in  what  manner  these  affices  are  obtained,  the  author  cannot 
presume  to  say  in  the  present  state  of  the  question,  but  ventures 
to  suppose  that  during  the  production  of  the  salt,  a  splitting  of 
an  atom  of  alkaloid  occurs,  the  group  C'H^'O  passing  over  to 
the  quinine,  &c.  to  form  the  optical  salt,  and  the  C^^H"N^03 
existing  in  the  solution  in  some  other  state  of  combination,  water 
being  also  assimilated.  This  view  is  not  discordant  with  the  idea 
gaining  ground  in  the,  chemical  world,  that  the  organic  alkaloids 
are  nitrile  bases  jn  which  in  quinine,  &c.,  theC^?H^^O^,  are  repre- 
sentatives of  3  atoms  of  hydrogen. 

If  we  decide  with  Gerh-ardt,  however,   that  quinine  contains 

*  Scheik,  Onderzoek  v,  319,  and  Pharniac.  Ccntralblatt  1850,  p.  90, 
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C^^H^^N^O^  it  follows  that  the  affix  contains  C^H^  less  than  that 
previously  assigned  to  it  herein. 

On  these  assumptions  we  have  two  different  formulae  for  the 
optical  salt.     With  Laurent, 

^"'  {c>^H"0,p}  ^"'0^2803  +  7H0 
and  with  Liebig  and  Gerhardt, 

Both  formulae  containing  the  same  numbers  of  each  different  ele- 
ment and  leading  to  the  same  atomic  weight  and  centesimal  results, 
and  derived  from  the  splitting  of  1  atom  quinine  and  the  assimila- 
tion of  7  water,  5  of  which  are  simply  water  of  crystallisation,  and 
2  are  inherent  to  the  sulphuric  acid. 

The  recent  investigations  of  Strecker  would  appear  to  fix  the 
atom  of  quinine  as  that  given  by  Gerhardt,*  &c. 

It  is  quite  evident  on  inspection  that  ethyl  or  any  of  its 
compounds  cannot  enter  into  the  constitution  of  this  salt;  we 
must,  therefore,  assume  the  derivation  of  the  group  from  the  split- 
ting of  the  alkaloid  itself  into  its  constituent  groups,  and  the 
re-arrangement  of  these  groups  amongst  themselves  without  any 
substitution  of  hydrogen  or  formation  of  hydriodic  acid. 

The  further  study  of  this  interesting  class  of  salts  seems  pregnant 
with  important  matter,  bearing  on  the  real  constitution  of  the 
natural  alkaloids  in  question. 

SULPHATE    OF    lODO-QUINIDINE. 

Process  for  manufacture  in  quantity. — 240  grs.  of  quinidine  of 
Pasteurf  were  dissolved  in  1  ounce  of  diluted  sulphuric  acid  con- 
taining l-9th  part  of  acid,  1"845,  the  solution  being  assisted  by 
heat;  the  liquid  was  then  mixed  with  10  fluid  ounces  spt,  '837, 
and  20  fluid  ounces  of  distilled  water,  the  temperature  raised  to 
130°  Fah.,  and  then  13"5  graius  of  iodine  dissolved  in  1  ounce 
of  spt.  '837,  gradually  added,  stirring  well  after  each  addition; 
on  cooling,  a  mass  of  acicular  crystals  was  produced;  these  were 
removed  by  filtration,  and  the  opei^ation  was  successively  repeated 
a  dozen  times ;  by  these  means  a  large  crop  of  crystals  was  at 
length  obtained,  all  perfectly  uniform  in  optical  characters.  They 
were  first  purified  by  well  washing  with  diluted  spirit,  then  with 
distilled  water,  and  recrystallized  repeatedly  from  rectified  spirit ; 

*   Vide  Quart.  Journal  of  Chemical  Society,  1856. 

t  The  quinidine  of  Leers  is  the  cinchonidine  of  Pasteur. 
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on  the  third  recrystallization,  they  were  considered  sufficiently 
pure  for  analysis.  Water  must  not  be  employed  in  washing  the 
crystals  after  recrystallization^  cold  spirit  only  should  be  employed. 
If  too  much  iodine  be  used  at  each  attempt  at  production^  an 
amorphous  and  resinoid  mass  is  obtained  mixed  with  the  crystals, 
from  which  it  is  difficult  to  purify  them. 

The  alcoholic  mother-liquids  from  these  recrystallizations, 
furnish  a  further  crop  of  similar  crystals  on  diluting  with  equal 
quantities  of  boiling  distilled  water  and  setting  in  repose.  On 
drying  these  crystals  whole,  they  decrepitate  on  again  exposing 
them  to  atmospheric  air. 

The  solubility  of  the  iodo-sulphate  of  quinidine  was  determined, 
thus: 

65'79  grs.  were  boiled  in  2250  gr.  measures  of  alcohol,  having 
sp.  g.  "837  at  62°  Fah.,  in  a  retort ;  the  condensed  spirit  re- 
turned from  time  to  time,  then  filtered  rapidly,  whilst  hot,  on  a 
counterpoised  filter,  which  was  washed  with  a  little  cold  spirit, 
dried  at  212^  and  weighed  =  4"525  grs.  remained. 

.•.  2250  grs.  alcohol,  at  180°  (omitting  expansion  by  boiling), 
dissolved  61-265     .-.  2250  x  -837 

=  30-73 

61-265 

Consequently,  1  grain  of  this  salt  requires  nearly  31  parts  by 
weight  of  alcohol  ("837),  at  180°  to  dissolve  it. 

The  greater  portion  recrystallized  on  cooling  : 
1000  grs.  by  measure  of  the  alcoholic  solution,  at  62°  Fah.,  were 
treated  with  nitrate  of  silver,  and  the  precipitated  iodide  boiled 
in  nitric   acid  until  all  reaction  ceased ;  the  iodide,  washed  and 
fused,  weighed  5*4  grs. 

A    second    experiment    gave    4-78   grs.;    mean  5-09  =  iodine 
2-750;  which  at  39-874  per  cent.  =  6-897  grs.  salt, 
and  1000  x  -837 

=  121  grs.  to  dissolve  1  gr. 

6-897 

The  deep  marone  or  garnet  red  coloured  crystals  had,  at  62° 
Faht.,  sp.  gr.  1-7647. 

Analyses  of  the  Sulphate  of  lodo-Quinidine. 
Salt  dried    at   212°  Faht.,  during  six  hours  : — 

I.  14-52  grs.  gave  iodide  of  silver  10633  =  7323  per  cent. 
„     sulphate  of  baryta  2-7023  =  18611. 
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II.  1582  grs.,  gave  iodide  of  silver  11-63  =  73*54. 

„     sulphate  of  baryta  2-915  =  18*426 

III.  20-12  grs.,  gave  iodide  of  silver  14-85  =  73-80. 

IV.  11-55  grs.,  gave  sulphate  of  baryta  2-12  =  18-355. 
V.     7-32  grs.,  burnt  with  chromate  of  lead,  gave — 

carbonic  acid — 

water  2-62  grs.  =  35-695  per  cent. 
VI.     8-35  grs.,  burnt  with  chromate  of  lead  and  oxygen,  gave — 
carbonic  acid  10-07  =  120-598. 
water  2-975  =  35-629. 
VII.   12*66  grs.,  burnt  in  the  same  manner,  gave — 
carbonic  acid  15-14  =  119-59. 
water  4-59  =  36-256. 
VIII.     9-53  grs.,  burnt  as  before,  gave — 

carbonic  acid  11-457  =  120-22  grs. 
water  3-418  =  35-865. 
IX.  11-32   grs.,  gave  with  iron  and  hydrogen,  in  oil  bath    at 
400°  Faht.— 

water  -803  =  7-092  water,  per  cent. 
X.  15-61  grs.,  also  dried  at  212°,  gave,  with  iron  and  hydrogen, 
in  oil  bath  at  400°  Faht.— 

water  1145  =  7-334  water,  per  cent. 
XI.     4-91  grs.,   burnt  with  soda-lime,  bj^  M.  Peligot's  process, 
for  nitrogen   (acid  sp.  g.  1-01493  at  60°  Faht., 
200°  =  N  1-1683)  =  37-4  gr.  measures,  SO^HO 
=  ammonia  =   N  -21847  =  4-44  per  cent.  N. 

The  above  results  of  the  analysis  of  the  quinidine  salt  lead  to 
the  following  centesimal  computations — 

Herapath.  Muspratt. 


I.  Tl.        III.         IV.  V.  VI.         VII.         VIII.      IX.  I.  II.  III. 

Iodine      .      .  39o7  39  74.  39  88  -       —       —         —         —       _  3973  39  831      —        — 

Sulphuric  acid    639  6-326     —  6  303     ——         —         ——  —      6263      —        — 

Carbon     ..—       —       —  —       —    32-89  32615  32-787     —  —        —     31-998  32-311 

Hydrogen       .     —       —       —  —    3966  3958    4-028    3  985     —                  —        —       4001     3937 

Nitrogen  ..     —       —       —  —       —       —         —         —    4-44                  —        —        — 

Oxygen 

The  author,  having  supplied  Dr.  Sheridan  Muspratt  with  a 
quantity  of  this  salt,  has  been  most  obligingly  furnished  with  the 
results  of  his  examination ;  from  which  it  will  be  seen  that  those 
previously  obtained  by  the  author  have  been  confirmed  in  the 
most  satisfactory  manner  by  that  experienced  analyst. 
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The  subjoined  is  an  abstract  of  bis  results  :  — 

After  three  hours'  exposure  to  212°  in  a  hot  water  bath,  with  a 
current  of  dry  air,  it  suffers  no  further  loss  at  the  same  tempera- 
ture, after  seven  hours'  additional  exposure  to  the  bath. 

Two  determinations  of  iodine  gave — 

I.  Iodine       39-73 

II.  „  39-831  Mean     39780 

Sulphuric  acid  6"263  per  cent. 

Two  combustions  of  this  salt  dried  at  212°  for  seven  hours, 
gave— 

III.  Carbon     31-998  Hydrogen     4-001 

IV.  „         32-311  „  3-937 


Herapath. 

Muspratt. 

Mean  of  3  determinations  of— 

Carbonic  acid  120-136 

117-8995 

4  Water     .         35-861 

35-721 

These  results  give  the  following  ratio 

— 

Carbon       .         ,  5-4606 

=  34-91 

Hydrogen  .         .  39245 

=  251 

Nitrogen   .         .     -3170 

=  2-027 

Iodine        .         .     '3128 

=  2- 

Sulphuric  acid    .     -15597 

=  1- 

Means  of 

Theorj-, 

Experiment.              Muspratt. 

35  Carbon     . 

.     210  =  32-9670 

32-764               32-154 

25  Hydrogen 

25  =     3-9244 

3-984                 3-J69 

2  Nitrogen 

.       28  =    4-3956 

4-440                  — 

10  Oxygen     . 

80  =  12-5592 

12-743                  — 

2  Iodine 

.     254  =  39-8744 

39-730               39-780 

1  Sulphuric 

acid  .       40  =     6^2794 

6-339                 6-263 

637     100-0000  100-000 

and  would  require — 

Carbonic  acid     .          .         .     120*879 
Water        ....       35321 

and  probably  produce  the  following  formula — 

C35H19N2( 


1  SO^HO  +  5  HO  =  637 
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The  formula  herein  given,  does  not  accord  witli  the  constitu- 
tion of  quinidine  as  given  by  Gerhard t. 

It  requires  the  addition  of  C^H*  to  the  organic  base,  to  pro- 
duce C^^H^^N^O^ 

The  process  for  producing  the  Cinchonidine  optical  salt  is  the 
following. — The  alkaloid  should  be  dissolved  in  a  slight  excess  of 
diluted  sulphuric  acid  —  as  shewn  by  litmus  paper;  to  this 
should  be  added  about  15  times  the  bulk  of  rectified  spirit,  and 
warmed  to  100°  Faht.,  then  tincture  of  iodine  should  be  added  in 
considprable  quantity,  continuing  the  agitation  after  each  addition. 
On  cooling,  golden  sparkling  crystals  are  deposited  in  radiating 
bunches,  if  suffered  to  remain  in  repose.  These  crystals  have  a 
golden  greenish  appearance  in  contact  with  glass  and  fluid,  and 
are  different  to  a  practised  eye  from  the  deep  blue  green  of  quinine 
salt. 

The  cinchonidine  employed  must  give  no  reaction  of  quinine 
or  quinidine,  with  chlorine  and  ammonia,  and  must  be  wholly 
soluble  in  warm  ether,  crystallizing  on  cooling,  in  hard  shining 
rhombic  prisms. 

The  following  proportions  answer  admirablv  : — 

120  grains  of  pure  alkaloid  w'cre  dissolved  in  half  a  fluid  ounce 
of  diluted  sulphuric  acid  (1  to  9),  to  this  was  added  10  fluid 
ounces  of  rectified  spirit,  and  raised  to  100°  Faht. ;  with  these  were 
then  mixed  48  grains  iodine,  dissolved  in  3^  fluid  ounces  of  warm 
spirit,  the  whole  having  been  well  agitated,  it  was  placed  in 
repose;  after  8  hours,  a  beautiful  crop  of  golden  sparkling 
greenish  crystals  were  deposited ;  these  were  very  thin,  and 
presented  the  beautiful  blue  body  colour  so  indicative  of  this  salt. 

On  treating  the  mother-liquid  after  filtration,  with  a  second 
quantity  of  iodine  as  before,  another  crop  of  crystals  formed  on 
cooling.  These  were  collected  on  the  same  filter,  pressed  dry, 
then  expressed  on  bibulous  paper  as  strongly  as  possible. 

The  whole  was  then  boiled  in  sufficient  spirit  to  redissolve  it, 
and  again  crystallized  on  cooling;  again  filtered,  and  now  well 
washed  with  dilute  spirit  (1  to  3)  until  free  from  acid  reaction. 
A  second  and  third  time  was  this  operation  performed,  in  these 
latter  adding  a  little  tincture  of  iodine  to  ensure  conversion  of  all 
the  sulphate  into  the  crystals,  and  facilitate  the  washing,  which 
was  at  length  completed  by  cold  distilled  water.  The  mass  dried 
at  212°,  weighed  53*7  grains,  but  the  alcoholic  liquid  still  con- 
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tained  a  considerable  quantity  in  solution,  as  nearly  one  pint  of 
spirit  was  employed  at  each  recrystallization,  in  order  that  the 
salt  should  be  obtained  as  pure  as  possible. 

The  acid  alcoholic  mother-liquid,  on  repose,  gave  a  large  crop 
of  golden-yellow,  silky,  acicular  crystals,  in  long  radiating  prisms 
very  like  to  asbestos,  and  of  a  golden  colour ;  these  are  almost  opaque 
to  transmitted  light,  but  when  broad  enough,  transmit  a  yellow 
colour ;  they  are  very  slender,  delicate,  and  excessively  bulky. 

This  salt  was  removed  by  filtration,  washed  with  dilute  cold 
spirit  until  free  from  all  acid  reaction,  and  pressed  dry  in  bibulous 
paper ;  then  again  broken  up  in  dilute  spirit  and  well  agitated, 
filtered,  washed,  and  again  pressed  and  dried  by  exposure  to  air 
until  it  cease  to  lose  weight. 

For  analysis,  this  must  be  spread  out  in  thin  films  on  a  coun- 
terpoised capsule,  over  sulphuric  acid,  taking  the  Aveight  from 
time  to  time,  then  subsequently  exposing  it  to  the  drying  appa- 
ratus. It  cannot  be  recrystallized  except  in  an  acid  solution ;  in 
alcohol,  it  forms  the  optical  salt  after  redissolving. 

The  dry  olive-coloured  residue  also  becomes  the  optical  salt 
after  re-solution. 

Several  of  the  analyses  of  the  optical  salt  were  made  from  such 
converted  specimens,  due  care  being  taken  to  purify  them  as 
before. 

The  substances  analysed  in  the  accompanying  schedule  were 
made  at  different  times,  and  as  described,  obtained  by  various 
methods. 

Analyses  of  the  Sulphate  of  lodo-Cinchonidine. 

Purified  as  described,  dried  in  a  hot  bath,  at  212°,  during 
4  hours,  until  the  weight  remained  constant. 

I.  17*17  gi's.,  gave  iodide  of  silver  12"63  =  73'511  per  cent. 

„     sulphate  of  baryta  4'19  =  24*461  per  cent. 
II.  18*31  grs.,  gave  iodide  of  silver 

„     sulphate  of  baryta  4*63  =  25*26. 

III.  16*35  grs.,  gave  iodide  of  silver  11*92  =  73*021. 

„     sulphate  of  baryta  4*23  =  25*871. 

IV.  14*37  grs.,  gave  sulphate  of  baryta  3*7075  =  25*80. 
V.  11*18  grs.,  gave  iodide  of  silver  8*12  =  72*62. 

„     sulphate  of  baryta  2*88  =  25*352. 
YI.  10*906  grs.,  gave  carbonic  acid  13*97  =  128*1. 
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VII.     6-17  grs.,  gave  carbonic  acid  8-09  =  13M18. 
„    water  2-40  =  38-894. 
VIII.     5-73  grs.,  gave  carbonic  acid  7-52  =  131-239. 
„    water  2-22  =  38-708. 
IX.     8-33  grs.,  gave  with   iron  and  hydrogen,  at   430  Fah. 
4  hours. 

water  -65  =  7-803  per  cent. 
X.  8*535  grs.,  gave  water  as  before    '68  =  7-967. 
XI.  11-36  grs.,  gave  iodide  of  silver  8-12  =  71-479. 

„    sulphate  of  baryta  2-88  grs.  =  8-593  SO'. 
XII.     5-30  grs.,  burnt  with  soda-lime,  by  M.  Peligot^s  process, 
ammonia  =  27^  m.  acid  (200°  acid,  sp.  g.  SO'HO  = 
1-1493   at  60°  =  1-1683  N)    27°  =   N-15782  =  2-976 
per  cent. 
These   results   lead  to   the  percentage   computations  for   the 
cinchonidine  optical  salt — 

A  B 


I.  II.  III.  IV.  V.  VI.  Vll.  VIII.  XI. 

Iodine      .      .  39-727  -%  39-462  —  39-246  _  _  —  38488 

Sulphuric  acid      8-39  8  673  8-882  8-658  8704      _  _  _  8-593 

Carlion     .              —  —  —  —  —    34  936  3573  35-793  — 

Hydrodni              —  —  —  —  —  —  4321  4301  — 

Nitriigcu ..         —  —  —  —  —  —  —  —  — 

0.\v''en    ..        —  —  —  —  —  —  —  —  — 


2-976 


and  produce  the  following  ratio — 


Iodine 

Sulphuric  acid 
Carbon 
Hydrogen  . 
Nitrogen    . 


3111  or  atoms     3 
2-175      „  2-097 

59-14        „  57-013 

43-112      „  41-57 

2-12         „  2-045 


which  produce  the  following  formula  provisionally — 
n57fT40]\r2f)i  2  ■» 

j.i     }2  SO^  =  967 


Mean. 

39-478 
8-701 

35-486 
4-311 
2-976 
9-038 


57  Carbon     . 
40  Hydrogen 

2  Nitrogen  . 
12  Oxygen    . 

3  Iodine 


Theory. 
=  342  =  35-367 
=  40  =  4-147 
=  28  =  2-884 
=  96  =  10-052 
=  381  =  39-297 


2  Sulphuric  acid      =     80  =     8-294 


Experiment. 

35-486 
4-3112 
2-976 
9-0388 

39-478 
8-701 


967  100-000 
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and  would  give — 

Theory.                     Experiment. 

Carbonic  acid 

.     129-68                  130-152 

Water  . 

.       37-323                  38-708 

^2SO='HO  +  5HO  =  967^ 

The  author  has  rejected  the  determinations  of  the  water  of 
crystallization  in  this  salt  by  means  of  iron  and  hydrogen  gas,  as 
only  approximative,  as  quinoline  distils  at  the  same  time,  and 
unless  the  temperature  be  well  regulated,  the  water  appears  very 
considerably  increased  in  amount  from  this  cause;  some  experi- 
ments have  given  as  much  as  32*22  per  cent. 

The  yellow  silky  salt  of  cinchonidine  may  be  produced  without 
the  optical  salt  at  one  operation. 

Thus,  60  grains  of  cinchonidine  were  dissolved  in  half  a  fluid 
ounce  of  diluted  acid  containing  35-00  grains  of  dry  acid ;  on  solu- 
tion, 5  ounces  of  spirit  -837,  were  added,  and  the  whole  was  raised 
to  80°  Fah.,  to  these  were  introduced  47-5  grains  of  iodine  dis- 
solved in  3^  ounces  of  spirit.  After  12  hours'  repose,  the  beaker 
was  filled  with  a  dense  fibrous  mass  of  the  yellow  silky  salt,  with 
only  a  few  optical  crystals  sparingly  disseminated  ;  after  3  days' 
further  repose,  these  were  wholly  converted  into  the  silky  salt. 
They  were  separated  by  filtration,  and  purified  by  washing 
and  expression  as  before  described  ;  when  thoroughly  free  from 
acid,  they  were  dried  on  a  porous  brick,  and  after  some  days' 
exposure  to  the  air,  properly  protected,  were  placed  over  sulphuric 
acid  in  a  counterpoised  vessel. 

From  the  formula  employed,  it  is  easily  found  that  the  acid 
was  1"04  per  cent,  in  the  original  fluid,  out  of  which  nearly  half 
the  acid  was  necessary  to  combine  with  the  cinchonidine,  as  acid 
sulphate  (C3«H^2N202  +  2S0^H0).  This  would,  at  first  sight,  lead 
us  to  imagine  that  the  salt  may  contain  double  the  quantity  of 
acid.  But  the  analysis  of  the  dry  residue  obtained  by  heating 
the  salt  in  Lie  big's  apparatus  does  not  warrant  such  a  conclu- 
sion, whilst  water  alone  is  lost  during  this  operation.  Moreover, 
the  behaviour  of  these  three  substances  with  alcohol  proves  that 
the  acid,  iodine,  and  base,  are  in  the  same  relative  propor- 
tions. 

Analyses  of  the  dry  olive-colom-cd  residue,   dried  during  six 
hours  in  Liel)ig's  apparatus. 

*  This  forimilfi  rciniires  6' 132  per  cent,  water. 
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I.  5"03  grs.  gave  iodide  of  silver  3*77  grs.=: 74*95  per  cent. 

„    sulphate  of  baryta  1*345  grs.  =  26"  74  per  cent. 

II.  7*91  grs.  gave  iodide  of  silver  5*915  grs  =74*77  per  cent. 

„    sulphate  of  baryta  1*91  grs.  =  24*  14  per  cent. 

III.  4*505  grs.  gave  carbonic  acid  5*96  grs.  =  132*30, 

„    water  1-64  grs.  =  36*404. 

IV.  4*92  grs.  gave  carbonic  acid  6*44    grs.  =  130*8943. 

„    water  1*785  grs.  =  36*28. 

V.  6'557  grs.  gave  by  Peligot's  process 

Ammonia  =  32  grs.  measures  acid  = '18696  N 
(200°=  1*1683  N)  =2*851  per  cent,  nitrogen. 

VI.  9'43  grs.  gave,  when  burnt  with  chromate  of  lead, 

„     water  3*45  grs.  =  36-585. 

CiNCHONIDINE. 

These  analyses  give  the  following  composition  for  the  dry  olive- 
coloured  residue : 


I. 

11. 

III. 

IV. 

v. 

vr. 

Mean. 

Iodine 

40-504 

40-407 

— 

— 

— 

— 

40-455 

Sulphuric  acid 

9-064 

8-324 

— 

— 

— 

— 

8-699 

Carbon 

— 

— 

36*082 

35-689 

— 

— 

35-8855 

Hydrogen 

— 

— 

4-045 

4-031 

4-065 

— 

4-0470 

Nitrogen 

— 

— 

— 

— 

— 

2-851 

2-851 

Oxygen 

— 

— 

— 

— 

— 

— 

8-0625 

giving  the  following  ratio  : 

Iodine  *318      =    3  atoms 

SO^  *2174    =    2*050 

Carbon  5*9809  =  56*42 
Hydrogen  4*0470  =  38*18 
Nitrogen      *20364  =    1*921 

numbers  which  very  closely  correspond  with  the  following  formula ; 


Theorj'. 

Experiment. 

57  Carbon 

342  =    36037 

35*8855 

38  Hydrogen 

38  =      4*004 

4*0470 

2  Nitrogen 

28  =       2*950 

2*8510 

10  Oxygen 

80  =      8*433 

8*0625 

3  Iodine 

381  =    40*147 

40*4550 

2  Sulphuric  acid 

80  =      8-429 

8*6990 

949       100*000 

100*0000 
l2 
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and  may  thus  be  provisionally  rendered 


pT2  SO=^HO  +  3HO  =  949; 


a  formula  which  closely  corresponds  with  that  of  the  optical  salt, 
but  contains  2  atoms  less  water ;  it  will  be  shown  to  bear  an  equally 
simple  relation  to  the  yellow  fibrous  silky  crystals,  from  which  this 
greenish  black  residue  was  obtained,  thus : 

The  yellow  silky  fibrous  crystals,  air-dried,  on  subsequently 
heating  in  Liebig's  apparatus  during  six  hours,  lost  water,  and 
were  converted  into  the  olive-coloured  residue. 

I.  38-55    grs.,    air-dried,    dried   at   212",  lost   2-25    grs.   HO 
=  5-86  grs.  per  cent. 

This  experiment  was  slightly  in  excess,  as  the  yellow 
salt  was  not  quite  dry. 
II.  50-54  grs.  more  carefully  air-dried  at  62°,  then  exposed 
over  SO^HO  in  a  powdered  state,  during  nine  days 
ceased  to  lose  weight,  gave  water  2-32  grs.,  becoming 
dark  olive-coloured,  as  if  it  had  been  heated  at  212°. 

This   residue,    after   a   further   exposure   during   six   hours   in 
Liebig^s  drying  apparatus  experienced  a  loss  of  0-37  grs. 
therefore  2-32-f 037  =  2-69  =  5-322  HO  per  cent. 
which  will  give  the  following  composition  for  these  crystals : — 

Residue  previously  examined    94*678  =  949      =  1  atom. 
Water  ....       5-322         53-3  =  6  atoms. 


probably 


100-000 


1  atom  residue     949  =   94-616 

6  atoms  water        54  =     5-384  water 


1003       100-000 
From   the   percentages  obtained   by  the  analyses   of  the  dry 
residue,  the  following  proportions  will  give  the  subjoined  results  : — 

In  the  silky  crystals. 


Iodine    .          .     100  ; 

;  40-455   : 

:  94-678  : 

:  37-914 

Sulphuric  acid     100  : 

:     8-699  : 

:  94-678  : 

;     8-216 

Carbon   .          .      100  ; 

;  35-856  : 

:  94-678  ; 

;  33-947 

Water    .          .     100  ; 

;  36-423  : 

:  94-678  : 

:  34-185  +  5-322 

Nitrogen         .     100  : 

2-851   : 

:  94-678  : 

2-700 
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We  can  now  compare  the  results  derived  from  the  formula, 
+  6  atoms  water. 


Theory. 

Experiment. 

57  Carbon    . 

=  342 

:::: 

34-097 

= 

33-947 

44  Hydi'ogen 

=    44 

= 

4-386 

= 

4-423 

2  Nitrogen 

=    28 

=: 

2-791 

= 

2-700 

16  Oxygen    . 

=  128 

= 

12-764 

= 

12-800 

3  Iodine     . 

=  381 

= 

37-986 

= 

37-914 

2  Sulphuric  acid 

=    80 
1003 

7-976 

8-216 

100-000 

100-000 

Experiment. 

Carbonic  acid 

. 

125-022 

124-472 

Water 

, 

39-474 

39-807 

givmg 


and,  of  course,  giving  the  following  formula  for  the  yellow  silky 
fibrous  crystals. 


C57H33N20 


?} 


2  SO^HO  +  g  HO  =  1003 


We  are  now,  therefore,  in  a  position  to  compare  the  formulaj 
for  the  three  varieties  of  iodo-sulphate  of  cinchonidine. 
a.  The  optical  salt. 
y8.  The  silky  yellow  fibrous  variety, 
7.  The  dry  residue  derived  from  the  latter  by 

1st.  A  temperature  of  212°. 

2ud.  By  exposure  over  sulphuric  acid. 

a.    Optical. 

p57rT33-M-2r)5^ 

p  P  SO^HO  +  S  HO  =  967 

13.  Silky. 
^' p|2  S0''H0  +  9  HO  =  1003 

7.  Dry  Residue. 

C57H33N20S 


Q57H33N^ 


^'T2 


S03HO  +  3  HO  =  949; 


consequently,  the  silky  crystals  are  the  optical  salt  +  4  atoms  of 
water,  which,  under  the  influence  of  excess  of  sulphuric  acid  and 
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prolonged  delay  at  62°,  are  assimilated  by  that  salt;  this  addi- 
tiocal  water  is  lost  on  boiling  in  spirit,  and  the  optical  salt  cry- 
stallizes on  cooling. 

If  the  temperature  be  not  too  high  at  first,  the  silky  crystals 
may  be  produced  without  the  appearance  of  the  optical  salt ;  and 
the  silky  crystals  lose  6  atoms  of  water  at  212°,  and  become  the 
dry  residue  or  tri-hydrate,  which,  when  boiled  in  spirit  "837,  also 
assimilates  2  atoms  water,  and  becomes  the  optical  variety. 

Upon  reference  to  the  results   of  the   re-examination  of  the 
optical  salt  of  quinine,  it  will  be  seen  that  a  very  striking  relation- 
ship exists  between  these  salts,  thus  : — 
The  formula  therein  given  was — 

Quinine  Salt. 
n57U33-vr2r)5-^ 

P  p  S03HO  +  5  HO^840 

Cinchonidine  Salt. 

C57H33N205 


:}^ 


p  r2S03HO  +  5  HO=967 

Whence  it  appears  that  the  only  difference  between  them  is  the 
existence  of  1  atom  of  iodine  more  in  the  latter  salt. 

In  the  case  of  quinine  it  has  been  shown  that  there  was  some 
probability  of  the  introduction  of  a  group  C'^H"0,  or  C'^H^O, 
into  the  organic  base  of  the  salt  to  constitute  it,  thus — 

with  Laurent, 

^''{c^'^H^O,  p}  N'0^  +  2  SO^-f  7  HO 
or  with  Gerhardt, 

C^«  |ci7H90,  p}  N^0'  +  2  80^  +  7  HO 

But  we  have  three  different  formulae  for  cinchonidine. 

2.  Gerhardt's  and  Laurent's,  formed  on  the  assumption 
that  cinch onine  and  cinchonidine  are  isomeric,  and  Leer  s'  from 
direct  analysis  of  the  alkaloid  and  its  salts,  thus, 

Gerhardt's         C^°H24N2O2=308 

Laurent's  C=»8H22N202  =  294 

*  Leers'         .         C^m^^WO''=282 

*  Ann.  Ch.  Pharm,  Ixxxii,  147 — a  translation  of  which  appears  In  the  Phannaceu- 
tical  Journal,  December  1852,  page  295. 
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taking  Gerhardt's  there  will  be  an  affixed  group  of  C'^H'-'O^  to 
constitute  the  salt_,  thus — 

according  to  Laurent,  the  affix  will  be  C'^H^'O^,  thus — 
C'  |^i9Hii03,  p|  N20'  +  2  S03  +  7  HO  =  967 

but,  according  to  Leers,  the  group  will  be  C'^'IP'O^,  thus 
^''  {c2'H'•0^  p}  ^''0^  +  2  SO^  +  7  HO  =  967 

It  will  be  seen  that  under  each  formula  we  have  O^  more  in  tlie 
affix  than  in  the  corresponding  group  in  the  case  of  quinine ;  this, 
of  course,  is  in  consequence  of  the  two  alkaloids,  cinchonidine  and 
quinine,  originally  differing  to  that  extent  in  their  constitution. 
It  is  clear  that  to  obtain  these  from  the  splitting  of  cinchonidine 
alone  would  be  impossible,  as  the  whole  formula  contains  O^  only  on 
either  supposition ;  but  we  have  already  assumed  and  proved  the 
assimilation  of  water;  there  are,  therefore,  2  atoms  more  water 
assimilated  in  this  salt,  Avhich  must  be  deducted  from  the  true  affix 
derived  from  the  alkaloid  itself;  they  are  probably  more  closely 
basic  than  as  water  of  crystallization,  whilst  the  moveable  group 
under  either  formula  diffi3rs  from  that  of  the  quinine  salt. 

In  the  present  condition  of  the  question,  it  is  impossible  to 
decide  upon  the  true  arrangement  of  the  atoms,  or  even  the 
possible  constitution  of  the  salt.  One  thing  is  apparent,  the 
striking  similarity  in  the  mode  of  production. 

The  analysis  of  the  compound  with  iodide  of  silver  may  throw 
considerable  light  on  this  subject. 

Process  for  the  preparation  of  Sulphate  of  lodo-Cinchonine. 

The  alkaloid  examined  was  proved  to  be  free  from  quinine  or 
quinidine  by  not  showing  the  slightest  green  tint  with  chlorine 
and  ammonia,  and  to  be  incapable  of  producing  any  golden  optical 
crystals  when  treated  with  iodine  and  sulphuric  acid;  the  difference 
in  its  solubility  in  hot  ether  distinguished  it  also  from  cinchonidine. 

Two  drachms  were  dissolved  in  half  an  ounce  of  diluted  sul- 
phuric acid,  then  diluted  with  5,000  grs.  water,  and  10,000  grs. 
measures  spirit  -837,  it  was  then  raised  to  100°  Faht.,  and  81  grs. 
iodine  dissolved  in  six  ounces  of  spirit. 

On  repose,  black  shining  prismatic  crystals  presented  themselves, 
these   were   allowed   some    days   to   fully   deposit    and   gradually 
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develope  themselves,  and  then  carefully  removed  without  disturb- 
ing a  black  resinous  mass  which  was  also  deposited  on  the  sides 
and  bottom  of  the  vessel.  This  was  easily  accomplished,  as  the 
latter  substance  was  very  tenacious  and  hard.  It  was  probably 
the  same  body  deposited  whilst  the  fluid  was  warm,  as  these 
crystals  melt  into  a  pitchy  looking  substance  in  hot  spirit. 

These  ciystals  having  been  collected  on  a  filter,  and  well 
washed,  the  operation  was  repeated  and  the  same  quantity  of 
iodine  added,  and  a  second  crop  thus  obtained.  These  were  not 
re-crystallized,  but  washed  repeatedly  with  cold  dilute  spirit; 
their  large  size  rendered  this  an  easy  process,  especially  after 
removing  the  half-dried  and  washed  crystals  to  a  clean  filter, 
whereas  they  do  not  re-crystallize  readily. 

Analyses  of  the  Cinchonine-salt, — dried  at  212°  in  Liebig's 
bath  during  six  hours. 

I.  8-073  grs.  gave  iodide  of  silver  7*52  grs.  =  93-15  per  cent. 
„    sulphate  of  baryta. 
II.  7*82  grs.  gave  iodide  of  silver  7-32  grs.  =  93*606. 

„    sulphate  of  baryta  1'19  grs.  =  15*217. 

III.  11-27  grs.  gave  iodide  of  silver  10-59  =  93*079. 

„    sulphate  of  baryta  1"72  grs.  =  15-261. 

IV.  9-27  grs.  gave,  Avhen  burnt  with  chromate   of  lead   and 

oxygen, 

carbonic  acid  9*57  grs.  =  103-236. 
water  2-95  grs.  =  31-71. 
V.  5-61  grs.  gave  carbonic  acid  5*67  grs.  =  101-07. 
„     water  1-76  grs.  =  31-37. 
VI.  8-51  grs.  gave  carbonic  acid  8-54  =  100-352. 

„    water  2-645  grs.  =  31-081. 
VII.  9-54  grs.,  burnt  with  soda-lime  by  Peligot's  process,  gave 
54  measures  acid    (200=  1-1683  N.)  =  -315441  N.= 
3-3065  per  cent. 

The  foregoing  analyses  of  the  cinchonine  salt  lead  to  the  com- 


position: — 

I. 

n. 

UI. 

IV. 

V. 

VI. 

VII. 

Mean. 

Iodine 

50-34 

50-587 

50-302 

— 

— 

— 

— 

50-4096 

Sulphuric  acid 

— 

5-247 

5-217 

— 

— 

— 

— 

6-232 

Carbon 

— 

— 

— 

28-156 

27-57 

27-37 

— 

27-698 

Hydrogen 

— 

— 

— 

3-523 

3-485 

3-454 

— 

3-487 

Nitrogen 

— 

— 

— 

— 

— 

— 

3-306 

3-306 

Oxygen 

— 

— 

— 

— 

— 

— 

— 

9-8674 
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producing  the  ratio 

probably 

Iodine 

. 

•3968 

or          3 

=       3 

Sulphuric  acid 

. 

•1308 

or         -99 

=        1 

Carbon 

4^6163 

or     34-9 

=     35 

Hydrogen     . 

3-487 

or     26-36 

=     26 

Nitrogen 

• 

•236 

or       1-79 

Theory. 

=       2 

Means  of 
Experiments 

35  Carbon 

= 

210     = 

27-7410 

=     27-698 

26  Hydrogen 

= 

26     = 

3-4346 

=       3-487 

2  Nitrogen  . 

= 

28     = 

3-7000 

=       3-306 

9  Oxygen 

= 

81      = 

9-5103 

=       9-8676 

3  Iodine 

= 

381     = 

50-3301 

=      50-4096 

1  Sulphuric  acid   . 

40     = 

757 

5-2840 

=       5-232 

100-0000 

C35H19N202) 

SO^HO  +  e  HO  =  757 

and  theoretically  requiring 

Ex 

pt.  Means. 

Carbonic  acid 

101-717             101-552 

Water    . 

30-9114 

31-383 

The  production  of  the  cinchonine  salt  appears  to  depend  on 
the  abstraction  of  carbon  and  hydrogen  from  cinchonine,  and  the 
introduction  of  iodine,  but  in  this  case  3  atoms  of  iodine  exist  for 
one  of  sulphuric  acid. 

Its  analogy  with  the  quinidine  salt  is,  therefore,  very  close 
indeed,  as  may  be  seen  by  comparing  the  two  proposed  formulae. 

The  ruby  coloured  quinidine  salt  has  been  shown  to  consist  of 

p[  S03  i-6HO  =  637 
The  purple  red  cinchonine  salt  is, 

pr  S03  +  7HO  =  757 

and  consist  individually  of  the  alkaloid  as  given  by  Gerhard t, 
minus  C'lP,  respectively  assimilating  in  the  case  of  quinidine 
2  iodine,  in  that  of  cinchonine  3  iodine,  and  in  each  instance  the 
salt  is  a  mono-sulphate. 

The  bases  further  differ  by  the  existence  of  2  atoms  of  oxygen 
additional  in  the  quinidine  salt,  but  in  this  case  merely  keeping  up 
the  difference  originally  existing  between  the  two  isomeric  groups. 
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If,  with  Laurent,  we  assume  C^^H^^N^C^  as  tlie  composition  of 
ciuclionine,  we,  of  course,  only  liave  to  account  for  the  loss  of 
Q3JJ3  from  the  organic  base  in  order  to  constitute  the  new  iodo- 
base. 

We  have  two  cases,  therefore,  strikingly  different  from  the 
quinine  and  cinchonidine  salts  in  their  method  of  constitution. 

In  conclusion,  the  author  begs  publicly  to  express  his  thanks  to 
Mr.  John  Eliott  Howard,  who  most  liberally  placed  at  his  dis- 
posal the  necessary  quantities  of  the  purified  alkaloids,  most  of 
which  entailed  the  loss  of  considerable  time  and  labour  in  their 
perfect  purification. 


XII. — Some  remarks  on  Poison  obtained  from  Arroivs. 
By  Henry  J,  B.  Hancock,    Esq. 

The  accompanying  specimens  are  of  a  novel  form  of  what  I 
believe  to  be  the  urari,  curare,  or  wourali  poison  of  Guiana,  men- 
tioned in  the  year  1857,  by  Sir  R.  H.  Schomburgh  (Pharm.  J. 
Trans,  xvi,  500),  and  earlier  -by  Mr.  Waterton,  in  his  "Wan- 
derings" (3rd  edit.,  p.  84).  The  idea  of  extracting  it  was  first 
suggested  to  me  by  my  friend,  Mr.  Pepper,  in  the  summer  of  the 
year  1856 ;  and  I  proceeded  to  extract  it  from  some  poisoned  arrows 
brovight  from  Guiana  by  Mr.  Echlin,  who  was  travelling  secretary 
to  Sir  R.  H.  Schomburgh.     I  deem  it  curious — 

Firstly.  On  account  of  the  novel  form  in  which  it  appears. 

Secondly.  On  account  of  the  large  quantities  in  which  it  was 
extracted  from  the  arrows. 

Thirdly.  On  account  of  its  preserving  to  a  great  extent  (as  will 
afterwards  appear)  its  properties,  during  the  many  years  which 
elapsed  between  the  arrival  of  the  arrows  in  England  and  my 
experiments. 

My  method  of  proceeding  was  very  simple.  I  steeped  the 
arrows  in  boiling  chloroform,  and  then  scraped  them  carefully  in 
the  same  liquid ;  after  evaporating  off  the  chloroform,  I  obtained 
the  poison  mixed  with  small  particles  of  iron  from  the  scraping ; 
and  eventually  getting  rid  of  the  iron,  I  obtained  a  quantity  of 
crystals. 


OBTAINED  FROM  ARROWS.  155 

On  examination  I  found  that  the  crystals  were  nearly  insoluble 
in  water,  but  readily  dissolved  by  chloroform  and  acetic  acid. 
On  testing,  I  found  slight,  in  fact  hardly  perceptible  traces  of 
the  presence  of  strychnine,  but  could  eliminate  nothing  further  by 
any  test  I  employed. 

I  will  now  proceed  to  detail  its  action  upon  those  animals  which 
I  have  submitted  to  it. 

Some  being  administered  to  a  frog,  no  effect  was  perceptible  for 
the  first  ten  minutes,  but  after  that  time  the  animal  became  lan- 
guid, and  died  in  about  thirteen  minutes  from  the  time  of  adminis- 
tering the  poison,  apparently  without  pain.  After  death  there 
was  none  of  that  rigidity  of  the  limbs  which  is  to  be  observed  after 
poisoning  by  strychnine,  nor  was  tliere  anything  worthy  of  remark 
in  the  external  appearance.  And  this  I  take  as  a  proof  that  the 
amount  of  strychnine  in  the  poison  is  very  small,  although  there 
may  be  a  slight  trace,  as  pointed  out  by  the  tests. 

The  poison  being  introduced  through  an  incision  in  the  skin  of 
the  back  of  another  frog,  the  same  results  followed,  but  in  a  shorter 
time,  the  frog  dying  in  eight  minutes  after  the  operation. 

Some  of  the  poison  being  administered  to  a  cat,  the  animal 
walked  about  as  usual  for  about  twenty  minutes,  and  then  became 
languid,  repeatedly  stretched  itself,  and  at  length  lying  down,  died 
quite  quietly,  without  the  least  appearance  of  pain,  in  about  half 
an  hour  from  the  time  of  administering  the  poison.  After  death 
there  was  no  more  rigidity  than  if  the  cat  had  died  from  natural 
causes. 


XIII. — On  the  Composition  and  Analysis  of  Black  Ash  or  Ball  Soda. 
By  Josiah  W.  Kynaston, 

STCDENT,    IN   THE   LrVEEPOOL   COLLEGE   OF   CHEMISTRY. 

The  immense  importance  and  extent  of  the  soda  manufacture  will, 
it  is  hoped,  be  considered  a  sufficient  reason  for  the  publication  of 
the  following  remarks  on  the  composition  of  one  of  the  intermediate 
products.  The  process  of  Lebl an c,  although  so  extensively  and 
so  successfully  pursued  is,  nevertheless,  as  to  several  of  the  products 
of  decomposition,  not  even  now,  after  the  lapse  of  nearly  sixty  years, 
thoroughly  understood. 
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Having,  at  the  suggestion  of  Dr.  Muspratt,  undertaken  an 
investigation  of  the  whole  process,  so  as  if  possible  to  lead  to 
improved  modes  of  manufacture,  it  appeared  of  the  utmost  impor- 
tance to  ascertain  with  accuracy,  the  exact  composition  of  black 
ash  or  crude  carbonate  of  soda.  Several  analyses  of  this  highly 
complex  mixture  have  appeared  from  time  to  time,  among  which 
may  be  mentioned  those  of  Richardson,  linger,  Brown,  Dan- 
son,  and  more  recently  that  of  Samuelson,  late  of  this  college. 

The  most  striking  discrepancy  in  the  several  analyses,  is  in  the 
composition  assigned  to  the  insoluble  calcium  compound.  The 
exact  constitution  of  this,  has  also  been  a  question  to  which  several 
distinguished  chemists  have  devoted  much  attention,  and  on  which 
scarcely  two  have  agreed.  Thus,  Dumas  assumes  it  to  be  a  com- 
bination of  two  equivalents  of  sulphide  of  calcium  with  one  equiva- 
lent of  lime  2  CaS  +  CaO.  linger,  reviewing  Dumas'  theory  of 
the  process  of  its  formation,  considers  it  much  more  probable  that 
it  is  a  compound  of  three  equivalents  of  sulphide  of  calcium,  with 
one  equivalent  of  lime  3  CaS  +  CaO,  a  formula  also  assigned  to  it 
by  Payen,  and  adopted  by  the  above  mentioned  analysts;  while 
Rose  regarded  it  as  composed  of  one  equivalent  of  sulphide  of 
calcium,  with  one  of  hydrate  of  lime  CaS  +  CaO,  HO.  My  ana- 
lysis appears  to  me  to  prove  decisively  that  no  such  salt  as  any  of 
the  above  has  any  existence  in  fact ;  and  certainly  that  the  insolu- 
bility of  the  calcareous  compound  cannot  be  attributed  to  its  being 
contained  in  the  ash  in  such  a  state  of  cotnbination. 

Before  stating  the  reasons  for  arriving  at  such  a  conclusion, 
opposed  as  it  is  to  the  opinions  of  such  eminent  chemists,  1  will 
give  the  method  pursued  for  the  determination  of  the  several 
ingredients,  and  the  calculations  founded  thereon.  The  ash 
examined  was  kindly  supplied  to  me  by  Mr.  Edmund  Knowles 
Muspratt,  and  was  produced  under  his  superintendence,  at  the 
Liverpool  Vauxhall  Alkali  Works.  I  would  here  express  my 
acknowledgments  to  this  gentleman  for  his  kindness  in  explaining 
to  me  anything  connected  with  the  execution  of  the  process  of 
manufacture.  The  methods  of  Brown  were  adopted  in  those 
cases,  where  they  yield  accurate  results,  but  in  many  instances, 
they  were  proved  to  be  quite  erroneous. 

To  estimate  the  relative  proportions  of  the  soluble  and  insoluble 
salts,  a  portion  of  the  ash  was  digested  for  some  time  in  cold  w  ater, 
afterwards  thrown  on  a  weighed  filter,  and  washed.  The  results 
can  only  be  considered  as  approximate,  as  by  continued  allusion, 
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after  the  extraction  of  the  salts  of  soda,  the  filtrate  still  continues 
alkaline.  This  alkalinity  is  owing  to  the  presence  of  caustic  lime, 
produced  by  the  decomposition  of  the  sulphide  of  calcium,  which, 
by  exposure  to  the  air,  is  gradually  decomposed  into  sulphide  and 
bisulphide  of  calcium,  and  caustic  lime  3  CaS  +  O  =  CaS  +  CaS2 
4-  CaO.  If  the  washing  with  exposure  be  still  further  continued, 
the  sulphur  becomes  oxidised,  giving  rise  to  sulphite  and  hyposul- 
phite of  lime,  and  lastly  to  sulphate  of  lime,  all  of  which  pass  through 
the  filter.  In  the  estimation,  the  washing  was  discontinued  on  the 
first  appearance  of  lime  in  the  filtrate.  The  residue  dried  at  212° 
gave  59  per  cent,  as  the  amount  of  insoluble  matter,  and  conse- 
quently 41  per  cent,  of  soluble  salts. 

To  determine  the  respective  quantities  of  lime  and  soda,  1*954 
grammes  were  taken,  and  treated  with  hydrochloric  acid.  The 
filtrate  was  neutralized  with  ammonia  and  again  filtered.  From 
this  solution,  the  lime  was  thrown  down  by  oxalate  of  ammonia, 
and  the  oxalate  of  lime  collected,  washed,  dried  and  ignited,  yielded 
1-2^5  CaO,  CO2  =  35-109  per  cent.  CaO.  This  lime  as  subse- 
quently calculated,  exists  in  the  ash  as  follows : — 

22-307     =  15-934  Ca  as  CaS 
1-8564  as  CaO,  CO^ 
0-2344  =     0-1674  Ca  as  CaSg 
0-4245  as  CaO,  S2O2 
1-0164  „  CaO,  SO2 
9-2703  „  CaO 


35-1090 


The  filtrate  from  the  oxalate  of  lime  was  acidulated  with  hydro- 
chloric acid,  and  evaporated  to  dryness,  to  remove  silica.  The 
chloride  of  sodium  was  converted  into  sulphate,  and  the  weight  of 
the  latter  was  1-075  =  24-024  per  cent.  NaO  contained  in  the 
ash  as  follows : — 

21-5705  as  NaO,  CO2 
1-348     =  -0994  Na^is  NaCl 
0-1726  as  NaO,  SO3 
0-6734  „  NaO,  Si62 
0-2595  „  NaO,  AI2O3 

24-0240 
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The  centesimal  amount  of  soda,  as  carbonate,  silicate,  and  alumi- 
nate  was  also  estimated  volumetrically  by  means  of  a  test  acid. 
It  yielded  23"5  per  cent. 

Another  larger  portion  of  the  ash,  6" 562  grammes,  was  taken, 
and  in  this  quantity  were  determined  the  ultramarine,  silica,  char- 
coal, protoxide  of  iron  (as  FeS),  alumina  (as  NaO,  AI2O3),  and 
magnesia.  This  was  digested  with  successive  portions  of  warm 
water,  until  the  soluble  portion  was  completely  extracted.  The 
dark  green  aqueous  solution  Avas  boiled  until  the  ultramarine  had 
deposited.  This  was  filtered  off,  washed,  dried,  and  ignited,  and 
gave  0*9589  per  cent. 

The  filtrate  from  the  ultramarine  was  acidulated  with  hydro- 
chloric acid,  and  boiled,  then  neutralized  with  ammonia.  The 
precipitate  of  alumina  thus  obtained  gave  0*4291  per  cent.  The 
filtrate  from  the  last  precipitate  was  again  acidulated  with  hydro- 
chloric acid,  and  evaporated  to  dryness,  and  the  residue  treated 
with  water,  left  silica  amounting  to  0-5086  per  cent. 

The  portion  of  ash  insoluble  in  water  was  then  treated  wdth  very 
dilute  hydrochloric  acid,  and  after  expulsion  of  sulphide  of  hydro- 
gen, thrown  on  a  weighed  filter.  From  the  filtrate,  oxide  of  iron, 
alumina,  and  phosphate  of  lime  were  thrown  down  by  ammonia. 
In  this  precipitate,  the  iron  was  estimated  by  means  of  perman- 
ganate of  potassa,  and  yielded  0"3372  per  cent,  of  Fe203. 

After  having  removed  lime  from  the  filtrate,  by  means  of  oxalate 
of  ammonia,  the  magnesia  was  precipitated  by  phosphate  of  soda, 
and  afforded  0-2537  per  cent,  of  MgO. 

The  residue,  undissolved  by  hydrochloric  acid,  was  dried  at  212° 
and  the  weight  noted.  From  this,  the  charcoal  was  removed  by 
long  continued  ignition,  and  calculated  from  the  loss  of  weight 
sustained.     It  gave  7*007  per  cent. 

In  another  portion  of  ash,  5-543  grammes,  the  sand,  and  total 
amount  of  sesquioxide  of  iron,  alumina,  and  phosphate  of  lime  were 
determined.  In  this  case,  the  ash  was  treated  with  dilute  hydro- 
chloric acid,  and  after  expelling  sulphide  of  hydrogen,  the  liquid  was 
decanted.  The  residue  was  then  boiled  with  aqua  regia  until  only  the 
sand  remained.  The  latter  dried,  ignited,  and  weighed,  gave  0-901 
per  cent.  The  two  acid  solutions  were  then  mixed,  and  precipitated 
by  ammonia.  From  the  precipitate  redissolved  in  hydrochloric 
acid,  the  alumina  was  removed  by  excess  of  potassa.  The  preci- 
pitate of  sesquioxide  of  iron  and  phosphate  of  lime  thus  obtained, 
gave  2*9952  per  cent.     From  this  is  subtracted  the  sesquioxide  of 
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iron,  obtained  by  solution  of  the  asb  in  dilute  acid,  and  wbiob  is 
assumed  to  exist  as  FeS ;  tbe  residue  2"658  expresses  the 
quantity  of  anhydrous  sesquioxide  of  iron  and  phosphate  of  lime. 

The  alumina  was  thrown  down  from  the  potassa  solution  by 
ammonia,  after  treating  with  hydrochloric  acid  and  chlorate 
of  potassa.  The  percentage  was  1"5609.  Subtracting  from  this, 
the  alumina  existing  as  NaO,  AI2O3  which  is  soluble  in  water,  the 
residue  gives  1'1318  as  the  proportion  of  anhydrous  alumina. 

In  another  portion  of  ash,  21*4  grammes,  sulphm-ic  acid  was 
estimated  after  treating  with  hydrochloric  acid,  Ijy  precipitation  as 
sulphate  of  baryta,  and  gave  0"2228  per  cent.  SO3. 

The  total  amount  of  sulphur  was  determined  by  fusing  2"131 
grammes  of  ash  with  three  or  four  times  its  weight  of  nitrate  of 
potassa,  treating  the  fused  mass  with  dilute  acid  and  water,  and 
precipitating  sulphuric  acid  from  the  filtrate  by  chloride  of  barium. 
The  total  percentage  of  sulphur  was  14*565. 

The  amount  of  sulphur  existing  in  the  insoluble  state  was  also 
determined  in  the  same  manner  as  the  preceding,  the  soluble  por- 
tion having  been  previously  extracted  by  repeated  washing.  1'546 
grammes  were  taken,  and  yielded  12*882  per  cent. 

The  process  adopted  for  the  estimation  of  sulphur  as  soluble 
bisulphide,  hyposulphite,  and  sulphite  was  founded  upon  the 
following  reactions.  Carbonate  of  cadmium  is  decomposed  by  a 
solution  of  alkaline  sulphide,  yielding  sulphide  of  cadmium  and 
carbonate  of  the  alkali.  Nitrate  of  silver,  mixed  with  solution  of 
hyposulphite  of  soda,  affords  hyposulphite  of  silver.  When  heated 
in  water,  the  latter  is  decomposed  into  sulphide  of  silver  and 
sulphuric  acid,  AgO,  S2O.2  =  AgS  +  SO3. 

The  same  salt  added  to  a  soluble  sulphite  gives  sulphite  of  silver; 
and  this  also  on  heating  with  water  is  decomposed,  yielding  sul- 
phuric acid  and  metallic  silver  AgO,  SO2  =  SO3  +  Ag. 

In  the  two  latter  decompositions,  it  will  be  observed  that  a 
quantity  of  sulphuric  acid  is  produced,  one  equivalent  of  which  is 
equal  to  one  either  of  sulphite  or  hyposulphite. 

The  analysis  was  conducted  as  follows  : — 3*463  grammes  of  ash 
were  exhausted  with  cold  water.  To  the  filtrate,  a  quantity  of 
freshly  prepared  and  still  moist  carbonate  of  cadmium  Avas  added, 
and  the  mixture  was  digested,  with  freqaent  agitation,  till  the 
alkaline  sulphide  was  decomposed.  The  precipitate  of  sulphide 
and  carbonate  of  cadmium  was  then  filtered  off,  and  treated  with 
dilute  acetic  acid  to  remove  undecomposed  carbonate;  the  residual 
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sulphide  was  oxidized  by  furaiug  nitric  acid,  water  added,  and  the 
sulphuric  acid  produced  was  then  estimated  as  sulphate  of  baryta ; 
calculated  as  sulphur,  it  gave  0'2679  per  cent. 

To  the  filtrate  from  the  cadmium  salts,  nitrate  of  silver  was 
added,  and  the  mixture  maintained  at  a  temperature  approaching 
ebullition,  until  the  sulphite  and  hyposulphite  were  decomposed, 
indicated  by  the  successive  changes  in  the  colour  of  the  mixture. 
The  precipitate  of  carbonate,  sulphide,  and  metallic  silver  was  then 
filtered  off,  and  treated  with  ammonia  to  remove  the  carbonate. 
The  sulphide  was  then  oxidized  by  fuming  nitric  acid,  and  the 
sulphuric  acid  precipitated  as  sulphate  of  baryta ;  from  the  weight 
of  the  latter  the  quantity  of  hyposulphite  was  calculated ;  it 
gave  0"4852  per  cent,  of  sulphur,  existing  in  this  condition. 

In  the  filtrate  from  the  silver  precipitate  the  sulphuric  acid  was 
estimated  as  BaO,  SO3 ;  and  deducting  that  originally  existing  in 
the  solution,  and  that  formed  from  the  decomposition  of  hyposul- 
phite, the  residue  was  calculated  as  sulphurous  acid,  giving  0"5808 
per  cent,  of  sulphur  existing  in  this  state. 

The  several  determinations  of  sulphur,  therefore,  give  the  fol- 
lowing results : — 

Total  percentage  of  sulphur  14'565. 
Sulphur- insoluble    .         .         .     12-882     lo-lssypls 

„  as  soluble  bisulphide    .  0-2679 

„  „         hyposulphite  0*4852 

„  „         sulphite        .  0-5808 

„  „         sulphate        .  0-0891 


14-3050 


The  amount  of  carbonic  acid  was  arrived  at  by  two  distinct 
operations.  3-531  grammes  of  ash  were  digested  with  successive 
portions  of  water,  to  remove  the  soluble  salts.  In  this  solution, 
the  carbonic  acid  was  estimated  by  a  Fresenius'  and  Wills' 
apparatus,  with  addition  of  a  quantity  of  neutral  chromate  of 
potassa  to  oxidize  the  sulphur  compounds.  It  yielded  9-6832  per 
cent.  The  residue  insoluble  in  water  was  transferred  to  a  retort, 
and  treated  with  hydrochloric  acid.  The  gas  evolved  was  passed 
into  a  mixture  of  chloride  of  calcium  and  ammonia.  The  precipitate 
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of  carbonate  of  lime  thus  obtained,  was  collected,  washed,  and 
introduced  also  into  a  Fresenius'  and  Wills'  apparatus,  and  the 
carbonic  acid  liberated  by  nitric  acid.     It  gave  8*6698  per  cent. 

The  above  was  found  to  be  the  only  practicable  method  for 
effecting  this  determination.  An  attempt  was  made  to  estimate 
this  acid  at  once,  in  a  Fresenius'  and  Wills'  apparatus;  but  the 
addition  of  a  large  excess  of  chromate  of  potassa,  and  even  of 
permanganate,  failed  to  oxidize  the  sulphur  compounds.  Nor 
could  the  operation  be  effected  by  treating  the  ash  at  once  with 
acid,  and  conducting  the  evolved  gases  into  a  solution  of  chloride 
of  calcium  and  ammonia,  as  the  sulphite  of  lime  formed  would 
introduce  another  error.  The  sulphur  salts  existing  in  the  aqueous 
solution,  were  readily  and  completely  decomposed  by  chromate  of 
potassa. 

Another  process  suggested,  was  to  oxidize  the  sulphite  of 
lime,  formed  when  the  evolved  mixture  of  gases  was  conducted 
into  the  chloride  of  calcium  solution,  and  to  deduct  the  sulphite 
found  from  the  original  weight  of  the  precipitate ;  but  as  it  was 
necessary  to  ascertain  exactly  the  proportion  of  carbonic  acid  in 
the  state  of  carbonate  of  lime,  the  process  already  given  was 
adopted. 

Chlorine  was  estimated  by  treating  2'84'1  grammes  of  ash  with 
nitric  acid,  expelling  sulphide  of  hydrogen,  &c.,  and  precipitating 
the  filtrate  by  nitrate  silver.     It  gave  1*533  per  cent. 

Lastly,  the  hygroscopic  moisture  was  determined  by  heating  a 
portion  of  ash  to  about  300°.     It  indicated  0"2158  per  cent. 

From  the  above  analysis,  now  given  in  a  tabular  form,  the  per- 
centage composition  was  calculated. 

Soluble  salts         .  .  . .  . .  . .        41 

Insoluble  matter  and  salts  , .  . .        59 


100 


Lime 

.  .      35109 

Soda 

.  .      24-024 

Ultramarine 

0-9589 

Silica 

0-5086 

Magnesia    .  . 

0-2537 

Charcoal     . . 

7-007 

Sand 

0-901 

Sesquioxide  of  iron  and^  2-qqf^2  -T        including  0-3372 

phosphate  of  lime       J      " '  L^G203  existing   as  FeS 

M 


16S 


KYNASTON,    ON    THE    COMPOSITION 


Alumina    . , 

1-5609 

Sulphuric  acid 

0-2228 

Total  amount  of  sulphur 

.      14-565 

Carbonic  acid 

.      18-353 

Chlorine     . . 

1-533 

Water 

0-2158 

rfino/  including  0-4291 
*"^^^\     asNaO,  AI2O3 


/soluble      9-6832 
\  insoluble  8-6698 


Percentage  Composition. 

Carbonate  of  soda 

Chloride  of  sodium 

Sulphate  of  soda 

Silicate  of  soda 

Aluminate  of  soda 

Sulphide  of  calcium 

Carbonate  of  lime 

Bisulphide  of  calcium 

Hyposulphite  of  lime 

Sulphite  of  lime 

Caustic  lime  • . 

Magnesia 

Sulphide  of  iron 

Sesquioxide  of  iron  and  phosphate 

lime 
Alumina 
Charcoal 
Sand  , . 
Ultramarine 
Water  (hydroscopic) 


of 


36-8786 
2-528 
0-3954 
1-182 
0-6886 

28-681 
3-3151 
0-4353 
1-1523 
2-178 
9-2703 
0-2537 
0-3710 

2-658 

1-1318 

7-007 

0-901 

0-9589 

0-2158 

100-2018 


It  will  be  seen  in  the  preceding  analysis,  that  the  lime  is  calcu- 
lated as  existing  in  several  combinations  of  sulphur,  and  as  carbo- 
nate and  caustic  lime.  The  reasons  for  this  will  be  apparent  from 
a  study  of  the  analysis.  Thus,  it  will  be  observed,  that  in  the 
determination  of  the  carbonic  acid,  866  per  cent,  was  found  to 
exist  in  the  compound  aftei'  treatment  ivith  water,  as  carbonate  of 
lime,  while  22307  per  cent.  =  15-93i  of  calcium,  is  shown  to 
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exist  as  sulphide  of  calcium,  CaS,  the  proportion  of  sulphur 
remaining  insoluble  after  deducting  that  combined  with  iron,  as 
FeS,  being  the  quantity  required  to  produced  CaS.  Therefore, 
it  is  evident,  that  in  the  portion  of  the  ash  insoluble  in  water — 
that  is  to  say,  in  soda  waste,  no  lime  exists,  either  combined  with 
CaS,  or  in  the  free  state. 

It  must,  however,  be  acknowledged,  that  this  analysis  does  not 
disprove  the  presence  of  some  such  compound  in  the  ash,  as 
removed  from  the  furnace,  and  before  treatment  with  water.  But, 
why  assume  the  existence  of  such  a  compound,  and  what  end  is 
to  be  served?  Dumas,  when  showing  the  necessity  of  adding  a 
quantity  of  lime  above  that  required  to  produce  CaS,  says  : — 
"  But  it  must  yet  be  observed,  that  if  only  two  atoms  of  chalk  be 
usedj  on  dissolving  in  water,  the  sulphate  of  lime  converted  into 
sulphide  of  calcium  by  the  charcoal,  will  be  decomposed  by  the 
carbonate  of  soda,  and  the  result  will  be  the  reproduction  of  the 
the  chalk,  together  Avith  sulphide  of  sodium.  On  this  account, 
three  atoms  of  chalk  are  used,  because,  then  one  atom  of  lime 
remains  free,  and  uniting  with  the  two  atoms  of  sulphide  of  cal- 
cium, produces  a  compound  insoluble  in  cold  water.  Thus,  only 
the  carbonate  of  soda  dissolves,  and  entirely  escapes  decomposition 
by  the  sulphide  produced. '' 

From  the  above  extract,  it  is  evident,  that  Dumas  assumes 
the  existence  of  his  2  CaS  -|-  CaO,  because  the  additional  atom  of 
lime  has  the  effect  of  rendering  the  CaS  insoluble;  and  this  fact  is 
generally  adopted  by  others,  as  a  proof  of  the  existence  of  this  or 
a  similar  compound,  and  certainly  the  conclusion  seems  a  very 
plausible  one.  But  if,  by  treatment  with  water  in  contact  with 
the  alkaline  carbonate,  it  is  found  that  the  lime  supposed  to  be 
combined  with  sulphide  of  calcium  is  removed  from  it  and  con- 
verted into  carbonate,  with  simultaneous  production  of  the 
objectionable  compound,  then  what  becomes  of  the  theory,  when 
the  very  fact  that  led  to  its  adoption  is  shown   to  be   erroneous  ? 

linger,  besides  the  above,  reasons  from  analogy,  and  con- 
siders that  because  Rose,  on  leaving  a  baryta  solution /or  some 
years  in  a  bottle,  obtained  a  compound,  having  the  formula 
3  BaS  +  BaO  +  28  HO,  that,  therefore,  the  compound  3  CaS  +  CaO 
might  reasonably  be  supposed  to  exist.  But,  what  analogy  is 
there  between  the  two  compounds  ?  Were  the  above  baryta  com- 
pound known  in  the  anhydrous  condition,  3  BaS  +  BaO,  then  we 
might  reasonably  assume  the  existence  of  the  corresponding  salt, 

M  2 
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3  CaS  +  CaO.  But  this  is  unknown^  and  tlierefore^  the  analogy 
falls  to  the  ground. 

But,  it  will  be  asked,  how  then  does  the  additional  atom  of  lime 
render  the  CaS  so  insoluble?  I  must  confess,  I  am  not  quite 
prepared  with  an  answer  to  this  question ;  but  would  say  in  reply, 
is  it  not  as  rational  to  suppose  that  an  atom  of  carbonate  of  lime 
may  unite  with  the  CaS,  to  produce  a  difficultly  soluble  compound 
2  CaS  4-  CaO,  CO2  ?  If  we  adopt  this  opinion,  and  suppose  that 
combination  immediately  ensues  on  treating  the  ash  with  water, 
all  difficulty  is  at  once  removed. 

In  the  examination  of  another  sample  of  ash,  the  annexed 
results  were  obtained  : — 

Carbonic  acid  as  carbonate  of  lime       8"993  per  cent. 
Total  quantity  of  lime     ..  ..      35-348  „ 

Sulphur  in  the  insoluble  state    ^ .      12' 768  „ 

These  determinations  give  the  following  results : — 

Lime  =  15-96  calcium  as  sulphide  22-344  =  28*728  CaS 
„     as  carbonate  of  lime.  .  ..    11-445  =  20-438  CaO  CO2 

„     „  caustic       .  .  .  .  . .      1-659 

The  above,  although  a  small  quantity  of  lime  remains  free,  is 
another  proof  of  the  non-existence  of  any  of  the  hitherto  assumed 
compounds,  but  is  not  inconsistent  with  the  theory  broached 
above,  the  quantity  of  CaS  there  given,  requiring  19-95  CaO,  COj 
to  form  2  CaS  -f  CaO,  CO^. 

Another  explanation  of  the  fact,  why  the  additional  quantity 
of  lime  should  prevent  the  solution  of  the  sulphide,  is  by  sup- 
posing that  the  excess  of  lime  prevents  tlie  formation  of  bisulphide, 
as,  in  my  opinion,  only  the  bisulphide,  and  not  protosulphide  of 
calcium,  is  decomposed  by  the  sokition  of  alkaline  carbonate.  If 
the  supposed  compounds  of  Dumas  and  Unger  are  more  stable 
than  sulphide  of  calcium,  why  are  they  so  readily  decomposed  by 
exposure  to  the  air,  as  is  shown  in  the  decomposition  proved  to 
take  place  in  the  extraction  of  the  soluble  salts,  and  how  is  it  that 
the  products  of  this  metamorphosis  are  precisely  those  which  occur 
in  CaS  under  similar  circumstances? 

By  Unger  and  others,  a  large  quantity  of  hydrate  of  soda  has 
been  found ;  I  believe  no  caustic  soda  can  possibly  be  produced, 
and  certainly  from  Unger^s  own  results,  none  is  proved  to  exist, 
although    he  has  calculated  it    in   tliis  condition.       It  has    been 
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suggested  that  NaO  may  be  prodviced  by  the  expulsion  of  carbonic 
acid  from  the  carbonate  of  lime,  and  a  subsequent  decomposition  of 
the  CaO,  and  sulphide  of  sodium ;  CaO  +  NaS  z=  CaS  +  NaO. 
But,  according  to  the  theory  of  Dumas,  the  sulphate  of  soda  first 
decomposes  with  carbonate  of  lime,  forming  carbonate  of  the 
alkali,  and  sulphate  of  lime,  and  this  salt  is  afterwards  reduced  to 
sulphide  of  calcium  by  the  charcoal.  lu  this  case,  no  sulphide  of 
sodium  can  have  been  formed,  and  as  carbonic  acid  once  com- 
bined with  soda  cannot  be  again  removed  by  simple  heating,  of 
course  no  caustic  soda  can  be  p7'oduced. 

Whether  a  sulphite  and  hyposulphite  actually  exist  is  a  ques- 
tion that  hardly  admits  of  proof,  though  ray  researches  would 
certainly  lead  to  the  conclusion  that  they  do;  for,  on  treating  with 
cold  water,  the  first  washings  were  found  to  contain  sulphide, 
sulphite,  and  hyposulphite,  though  I  allow  the  possibility  and 
even  probability  of  the  formation  of  these,  subsequent  to  the 
removal  of  the  black  ash  from  the  furnace.  In  the  experiment 
last  given,  another  curious  fact  was  observed,  viz.  the  existence, 
simultaneously,  of  sulphurous  acid,  and  sulphide  of  hydrogen. 
Sulphurous  acid  was  distinctly  perceptible  by  its  pungent  and 
peculiar  odour,  on  adding  hydrochloric  acid,  while  lead-paper  was 
blackened  by  the  gas  eliminated.  Of  course  the  two  gases  col- 
lected would  mutually  decompose  in  the  subjoined  manner:  — 

2  HS  +  SO2         =         2  HO      +     3  S 

Sulphide  of  hydrogen.    Sulphurous  acid.  Water.  Sulphur. 

Many  eminent  chemists  have  asserted,  that  the  two  gases  could 
not  be  collaterally  evolved;  but  this,  as  Dr.  Muspratt  affirms,  is 
placed  beyond  a  doubt  by  his  own  experiments  and  by  mine. 


Note. — The  sample  of  ball-soda  operated  upon  by  the  author  had  probably  beea 
exposed  for  a  considerable  time  to  the  air;  since  it  is  well  known  that  the  lixivium 
obtained  in  the  ordinary  mode  of  tre.iting  ball-soda,  always  c.  ntains  a  considerable 
proportion  of  caustic  alkali,  the  presence  of  which  would  probably  interfere  with  the 
application  of  the  author's  new  methods  of  analysis  to  the  determination  of  the  sul- 
phides, hyposulphites,  &c.,  in  such  lixivium. [Ed.] 
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XIV. — Process  for  the  quantitative  estimation  of  Sulphides,  Sul- 
phites, Hyposulphites,  and  Sulphates,  in  presence  of  each  other, 
as  adopted  in  the  determination  of  these  salts  in  "  Soda  Waste," 
as  obtained  from  ''  Black  Ash" 

By  J.  W.  Kynaston, 

STUDKNT   IN   THE   LIVERPOOL   COLLEGE   OF   CHEMISTRY. 

This  method  is  fouuded  upon  the  deeompositiou  of  an  alkaline 
sulphide  by  carbonate  of  cadmium  ;  CdO,  CO.2  +  NaS  =  CdS  + 
NaO,  CO2,  and  on  the  changes  produced  in  hyposulphite  of  silver, 
and  sulphite  of  silver  when  heated  in  water  nearly  to  boiling, 
which  may  be  expressed  thus : — AgO,  S2O.2  =  AgS  +  SO3,  and 
AgO,  SO2  =  Ag  +  SO3.  By  means  of  the  above  reactions,  these 
sulphur  salts  may  be  estimated  without  difficulty,  and  with  positive 
certainty,  as  is  proved  by  the  subjoined  experiments. 

To  overcome  the  difficulty  of  obtaining  a  sulphide  containing  a 
definite  proportion  of  sulphur,  100  measures  of  a  very  dilute  solu- 
tion of  sulphide  of  ammonium  were  taken.     In  50  measures,  the 
proportion  of  sulphur  was  estimated  by  precipitating  as   sulphide 
of  copper.     The  sulphide  was  oxidized  by  nitric  acid,  and  the  sul- 
phuric acid  precipitated  as  sulphate  of  baryta,  and  yielded  3*7364 
grammes  BaO,  SO3  =  10904  of  protosulphide  of  ammonium  NH4S. 
The    other  half  of  the  solution,  of    course   containing  the  same 
amount   of  sulphide,   was  reserved  for  estimation  in  admixture 
with  the   other  salts.     A  similar  difficulty  arises  in    obtaining  a 
sulphite  of  definite  composition,  and  this  was  overcome  in  a  similar 
manner.     A  neutral  solution  of  sulphite  of  soda  was  prepared,  and 
100  measures  taken,  in  half  of  which  the  sulphite  was  estimated — 
after  oxidizing  by  means  of  chromate  of  potassa,  and  acidifying — 
by  precipitating    sulphuric    acid    with  chloride  of  barium.     The 
weight  of  BaO,  SO3  obtained  was  0*6502  grammes  =  0'3516  of  sul- 
phite of  soda  NaO,  SO2.     The  other  50  measures,  representing  the 
same  weight  of  sulphite,  were  added  to  the  solution  of  sulphide  of 
ammonium.  Afterwards,  1-146  grammes  of  crystalhzed  hyposulphite 
of  soda,  pulverized,  and  pressed  in   bibulous  paper,  were  dissolved 
and  added  to  the  mixture,  and  lastly  1*213  grammes  of  anhydrous 
sulphate  of  soda.  Thus  was  produced  a  solution  containing  TOOOi 
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grammes  NH4S;  0-3516  of  NaO,  SO2  :  1*146  of  NaO,  S2O2;  and 
1-213  grammes  of  NaO,  SO3  ;  which  would  afford  a  mixture,  having 
the  following  percentage  composition  : — 


Sulphide  of  ammonium 

.     28-687 

Sulphite  of  soda  . 

.       9-250 

Hyposulphite  of  soda 

.     30-150 

Sulphate  of  soda 

.     31-913 

100-000 

To  this  mixed  solution,  a  quantity  of  carbonate  of  cadmium 
was  added,  and  the  whole  was  digested  for  some  time,  with  frequent 
agitation.  The  mixture  of  sulphide,  and  undecomposed  carbonate 
of  cadmium  was  then  filtered  off,  and  treated  with  acetic  acid  to 
remove  the  latter  salt.  The  residue  of  CdS  was  then  treated  with 
nitric  acid.  Only  a  portion  of  the  sulphur  was  oxidized :  the 
residue  was  collected  by  filtration,  dried  and  weighed,  giving  0-3205 
grm.  of  sulphur.  From  the  nitric  acid  solution,  the  sulphuric  acid 
was  thrown  down  as  sulphate  of  baryta,  and  the  weight  of  the  latter 
was  1-3782  grammes.  This  and  the  separated  sulphur  represent 
1-0833  of  NH4S  =  28-5004  per  cent. 

To  the  filtrate  from  the  cadmium  salts,  nitrate  of  silver  was 
added  as  long  as  a  precipitate  was  produced.  The  mixture  was 
heated  nearly  to  ebullition,  and  kept  for  some  time  at  that  tempe- 
ratui-e.  The  silver  precipitate  was  then  collected,  washed,  and 
partially  dried,  then  treated  with  concentrated  nitric  acid.  The 
whole  of  the  sulphide  was  oxidized,  and  the  sulphuric  acid  formed, 
was  precipitated  as  sulphate  of  baryta,  giving  1-0732  grammes  = 
1-1423  NaO,  S2O2  +  5  HO  =  300526  per  cent. 

The  sulphuric  acid  in  the  filtrate  from  the  silver  precipitate, 
was  thrown  down  as  sulphate  of  baryta,  and  yielded  3-7276 
grammes.  Subtracting  from  this  1*9889  =  the  quantity  of  NaO, 
SO3  present,  and  10732  =  the  NaO,  S2O2,  5  HO,  found  above, 
the  residue  represents  the  quantity  of  NaO,S02. 

Total  weight  of  BaO,  SO3  .         .         .     3-7276 

BaO,  SO3  =  1-213  NaO,  SO3  .         .     19889 


1-7387 
=  1-1423  NaO,  S2O2  +  5  HO  .     10732 


=  BaO,  SO3  NaO,  SOj  remaining    .         .     0-6655 
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This  residue,  0*6655  BaO,  SO3  represents  0-3598  of  NaO,  S02  = 
9-4659  per  cent. 

There  are  found  therefore  : — 

Sulphide  of  ammonium     .         .         .  28*5004' 

Sulphite  of  soda       ....  9-4659 

Hyposulphite  of  soda        .         .         .  30-0526 

Sulphate  of  soda      ....  31-9130 


99-9319 


I  now  append  the  numbers  collaterally,  to  prove  at  a  glance 
the  accuracy  of  the  methods  employed  : — 

Sulphide  of  ammonium 
Sulphite  of  soda 
Hyposulphite  of  soda    . 
Sulphate  of  soda 

100-000         99-9319 

Tliis  process  answers  equally  well  in  presence  of  a  large  pro- 
portion of  alkaline  carbonate ;  but  in  this  case,  it  is  necessary  to 
treat  the  silver  precipitate  with  liquid  ammonia  to  remove  car- 
bonate of  silver,  previous  to  the  oxidation  of  the  sulphide. 


Theory. 

Analysis. 

.     28-687 

28-5004 

.       9-250 

9-4659 

.     30-150 

30-0526 

.     31-913 

31-9130 

XV. — Remarks  on  Metallic  Deposits  found  in  two  Chimneys  attached 
to  Reverberatory  Furnaces,  one  being  used  for  Melting  an  Alloy 
of  Silver  and  Copper,  and  the  other  an  Alloy  of  Silver  and  Gold. 

By  James  Napier,  Esq,  Jun., 

CHEMIST   AND    ASSATEK   TO   THE   GOANaXUATO   MINT,   MEXICO,   AND   LATE   IN   THE 
LABOEATOBY   OF   ST.    THOMAS's   HOSPITAL,   LONDON.* 

In  a  paper  which  Dr.  Thomson  was  kind  enough  to  communicate 
for  me  to  the  society  in  June  of  last  year,t  I  endeavom'ed  to  point 
out  from  oar  every  day  experience,  and  from  experiments,  that 
gold  (even  in  its  pure  state)  when  fused  and  exposed,  in  that  con- 
dition, to  the  ordinary  temperature  of  our  melting  furnaces  is  like 
most  other  metals  volatile;  but  Mr.C.  J.Devey,  of  Birmingham,  in 
the  Mining  Journal  of  the  31st  March,   1855,  goes  as  far  as  to 

*  Communicated  by  Robert  Dundas  Thomson,  M.D.,  F.E.S. 
t  CheiTi.  Soc.  .Toiiru.  x.  229. 
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state  that  gold  does  not  require  even  to  be  melted  to  volatilize,  but 
to  be  heated  only  to  a  good  red  heat.  This  experiment  I  have  tried 
repeatedly,  keeping  thin  slips  of  pure  gold  (about  2  inches  in  length 
and  ^  an  inch  in  breadth)  at  a  good  red  heat  for  10  hours  at  a 
time,  but  never  found  the  slightest  diminution  of  weight,  although 
the  gold  operated  upon  became  very  soft,  and  as  ductile  as  a  piece 
of  lead,  and  the  surface  was  covered  with  small  blisters  (if  Ave  may 
use  the  term).  It  is  probable  that  the  gold  used  by  Mr.  Devey, 
for  his  experiments,  was  contaminated  with  some  other  metal, 
which  carried  off  the  gold. 

I  hope  by  the  following  facts  to  be  able  to  point  out  clearly  the 
great  danger  of  melting  the  precious  metals  in  open  furnaces, 
without  some  contrivance  for  the  condensation  of  the  whole  of  the 
soot,  &c.  which  passes  up  the  chimney,  and  also  to  show  that 
volatilization  is  one  of  the  great  causes  of  loss  in  melting  these 
metals  on  the  large  scale. 

The  following  table  shows  the  analyses  of  deposits  taken  from 
the  top,  middle,  and  bottom  of  a  chimney,  about  35  feet  high, 
attached  to  a  small  reverberatory  furnace,  in  which  is  melted  almost 
daily,  for  months  together,  an  alloy  of  silver  and  copper  (silver 
coin)  with  a  small  portion  of  gold,  so  small  as  not  to  pay  for  its 
extraction  in  this  country  (Mexico);  the  average  proportion  of  this 
metal  will  not  exceed  3  grains  per  mark  (8  ounces)  of  alloy,  and 
in  no  instance  does  the  alloy  contain  as  much  as  8  grains  of  gold  per 
mark.  During  the  whole  of  the  time,  from  2  to  3  hours,  the  alloy 
is  in  the  melted  state  its  surface  is  thickly  covered  with  charcoal. 


Substances  found. 

Bottom. 

Middle. 

Top. 

Mean. 

Metallic  silver 
Oxide  of  silver 
Metallic  copper    . . 
Oxide  of  copper    . . 
Oxide  of  iron  and  alumina 
Cub.  lime  and  magnesia  . . 
Silica 
Carbonaceous  matter 

29-950 

•170 

2-800 

1-930 

7-300 

43-850 

14-000 

9-190 

5-210 

•250 

•740 

ir430 

48-720 

23-510 

-960 

3-300 

7-180 

•120 

•150 

10-390 

52-690 

24-220 

1-260 

14-170 

3186 

1-066 

-940 

9-706 

48-420 

20-576 

-740 

100-000 

100-010 

99-310 

98-804 

Total  metallic  silver 
Total  metallic  copper 

30-056 
4-344 

12461 
•842 

7-808 
•240 

16-775 
1-808 

Grs.  of  Gold  per  mark  of  silver 

8- 

7-3 

Q- 

7-1 

A  quantity  of  soot  was  also  collected,  as  it  escaped,  about  4  feet 
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from  the  top  of  the  chimney,  and  on  examination  it  was  found  to 
contain  3  per  cent,  of  silver,  with  also  a  small  portion  of  gold. 
Soot  deposited  on  a  wall  against  which  the  chimney  stands  was 
found  to  contain  4-2  per  cent,  of  silver,  which  silver  contained  also 
gold. 

Such  results  require  no  comment  to  shoAv  the  large  loss  of 
silver  sustained  in  melting  this  metal  in  open  reverberatory 
furnaces. 

On  referring  to  the  above  table  of  analyses,  it  will  be  seen  that 
as  we  ascend  the  chimney,  the  oxide  of  silver  increases  in  amount, 
and  this  from  the  character  of  the  metal,  and  taking  all  circum- 
stances to  which  it  is  exposed  into  consideration,  is  what  we  might 
expect.  I  think  there  is  Httle  doubt  that  the  silver  is  volatilized  in 
the  metallic  state,  for  the  deposit  from  the  three  parts  of  the  chim- 
ney, when  examined  through  a  lense,  is  found  to  be  perfectly  full 
of  very  small  particles  of  silver — almost  an  impalpable  powder ;  but 
when  this  deposit  remains  for  a  time  in  contact  with  the  air,  and 
is  exposed  only  (while  the  furnace  is  working)  to  a  gentle  heat, 
the  silver  is  partly  converted  into  oxide ;  the  top  of  the  chimney 
being  most  exposed  to  the  action  of  the  atmosphere  and  a  gentler 
heat,  it  is  there  we  might  expect,  and  do  find,  the  most  oxide  of 
silver.  At  the  bottom,  on  the  contrary,  we  find  only  a  small  portion 
of  oxide,  and  this  I  conceive  is,  because  this  part  of  the  chimney 
is,  when  the  furnace  is  working,  always  at  a  strong  red  heat,  and 
oxide  of  silver,  I  think,  will  neither  form  nor  exist  under  the 
influence  of  a  strong  red  heat ;  the  small  portion  of  oxide  of  silver 
found  at  the  bottom,  is  probably  formed  after  the  fire  is  extin- 
guished, and  the  deposit  cooled  in  a  current  of  hot  air. 

From  the  above  analyses,  and  from  observation,  I  am  led  to 
suppose  that  most  of  the  copper  also  passes  ofi"  in  the  metallic  state 
combined  with  the  silver  as  alloij — that  is  to  say,  although  copper 
of  itself  is  not  volatile  in  the  metallic  state,  it  can,  when  combined 
with  another  metal,  which  is  so,  such  as  silver,  be  carried  ofl"  in 
that  form,  and  like  silver  is  partially  converted  into  oxide 
after  deposition;  in  fact  there  is  no  other  way  by  which  I  can 
account  for  the  presence  of  metallic  copper,  as  there  is  no  circum- 
stance under  which  the  deposit  is  placed  in  the  chimney,  by  which 
oxide  of  copper  (had  it  passed  off  in  that  form)  could  have  been 
converted  into  the  metallic  state,  the  circumstances  tending  to  the 
opposite  result. 

The  presence  of  the  metallic  copper  is  also  a  stronger  proof  of 
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the  silver  having  been  carried  away  as  metal,  and  not,  as  a  cele- 
brated chemist  has  lately  supposed,  in  the  form  of  an  oxide,  which 
according  to  his  theory,  would  be  reduced  after  deposition.  If  we 
suppose  that  the  silver  actually  volatilized  as  oxide,  and  afterwards 
became  reduced  in  tbe  chimney,  it  would  be  impossible  that  such 
silver  could  contain  copper  in  the  metallic  form,  for  it  is  well 
known  that  this  latter  metal,  when  alone,  in  fusion  will  pass  off  in 
no  other  state  than  that  of  an  oxide.  Moreover  the  two  metals 
would  not  be  found  as  an  alloy,  as  they  are,  but  separate ;  from 
these  facts  I  think  it  natural  to  suppose  that  both  metals  have 
been  carried  away,  in  the  metallic  form,  but  I  have  no  doubt  that 
a  small  portion  of  the  copper  does  pass  off  as  oxide. 

At  the  bottom  of  the  chimney,  the  deposit  naturally  contains 
the  largest  percentage  of  oxide  of  copper,  for  the  greater  the 
heat  to  which  this  metal  is  exposed,  the  greater  tendency  has  it 
to  oxidize. 

The  next,  and  perhaps  the  most  extraordinary  feature  in  these 
analyses,  is  the  presence  of  gold  in  such  large  quantities,  the 
amount  being  at  least  double  that  which  originally  existed  in 
the  alloy.  The  presence  of  gold  in  this  depositwas  not  so  much 
calculated  to  excite  surprise,  after  having  proved  that  this  metal 
when  pure  was  to  a  certain  extent  volatile,  when  kept  in  fusion ; 
but  I  was  much  puzzled,  and  at  a  loss  to  account  for  the  pre- 
sence of  a  larger  quantity  than  originally  existed  in  the  melted 
alloy.  It  occurred  to  me,  from  results  stated  in  my  paper  of 
last  year,*  that  the  copper  was  the  agent  which  carried  the  gold 
away  in  such  undue  proportions,  as  the  affinity  of  these  two  metals 
for  each  other  is  very  great. 

To  endeavour  to  explain  this  however,  I  made  the  following 
experiments.  In  the  first  place,  I  obtained  a  piece  of  silver  con- 
taining by  assay,  1116  grains  of  gold  per  mark — no  other  metal — 
and  kept  it  in  a  fused  state  for  five  hours,  its  surface  being  covered 
with  charcoal ;  at  the  end  of  this  time  it  was  removed  from  the 
fire,  and  again  assayed  for  gold,  when  it  was  found  to  have 
increased  to  1141  grains  per  mark,  showing  that  the  volatilized 
portion  (for  it  lost  in  weight)  did  not  contain  so  much  gold  as  the 
original  alloy. 

Secondly.  I  prepared  a  piece  of  alloy  having — 

1000  grains  of  gold  per  mark  of  alloy,  11  per  cent,  of  copper, 
and  the  remainder  silver. 

*  Chemic.  Soc.  Journ.  x,  231. 


172  NAPIER,    ON   METALLIC    DEPOSITS,    &C. 

This  was  fused,  and  kept  so,  with  its  surface  covered  with 
charcoal,  for  3^  hours,  after  which,  it  gave  of  gold  only  a  trifle 
under  1000  grains  per  mark.  These  experiments  were  repeated 
various  times,  with  alloys  containing  from  4  grains  to  1000  grains 
of  gold  per  mark,  and  the  same  result  was  always  obtained. 

Although  these  experiments  do  not  clearly  prove  why  the 
silver  in  the  refuse  should  have  more  gold  than  the  alloy  melted 
in  the  furnace,  I  am  still  of  opinion  that  the  copper  is  the  cause, 
and  there  may  be  circumstances  unknown  to  us  to  which  the  alloy 
is  exposed  in  the  furnace,  which  do  not  operate  on  the  small 
scale.  However,  in  all  cases  where  copper  was  present  in  the 
above  experiments,  the  alloy  after  fusion  always  contained  a  little 
less  gold  than  before  fusion. 

I  may  here  refer  to  a  few  facts  observed  in  conducting  these 
experiments,  which  may  not  be  void  of  interest.  The  above  alloys 
when  in  fusion,  were  always,  as  stated,  kept  covered  with  charcoal; 
if  this  be  avoided,  and  the  same  operation  gone  through,  the 
result  obtained  is  very  difterent. 

For  example,  an  alloy  containing — 

842  grains  of  gold  to  the  mark  of  alloy, 
20  per  cent,  of  copper, 
and  the  remainder  silver,  was  kept  in  fusion  for  an  hour  and  a 
half  without  charcoal  or  other  carbonaceous  matter,  when  it  was 
again  assayed,  and  gave  855  grains  of  gold  per  mark,  showing  an 
augmentation  in  gold,  to  the  extent  of  13  grains  per  mark.  There 
was  formed  on  the  surface  of  the  alloy  during  fusion,  a  crust  of 
oxide  of  copper,  which  when  examined,  contained  a  third  of  its 
weight  of  metallic  silver — not  a  trace  of  oxide — and  what  is  most 
singular,  only  the  smallest  trace  of  gold  ;  and  the  silver  imder  the 
crust  of  oxide,  contained  only  a  trace  of  copper.  Here  we  have  a 
proof  of  the  little  tendency  which  gold  has  to  combine  with  oxide 
of  copper,  although  it  is  most  difficult  to  free  gold  from  metallic 
copper  by  fire.  A  short  time  since,  an  extraordinary  instance  of 
the  affinity  of  gold  for  copper,  occurred  in  a  metallurgical  work 
in  this  country.  An  ore  containing  sulphide  of  silver  and  copper, 
with  also  gold,  was  treated  by  the  barrel  process  of  amalgama- 
tion, to  obtain  the  gold  and  silver.  In  the  calcination  of  the  ore 
with  common  salt,  some  of  the  copper  was  converted  into  sulphate, 
which,  when  introduced  into  the  barrels  with  iron,  was  reduced  to 
the  metallic  state,  and  combined  with  the  mercury,  and  there  was 
formed  an  amalgam  of  copper  and  silver.    This  amalgam  was  freed 
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from  mercury  in  the  usual  way,  by  burning  under  a  copper  bell, — 
but  mark  the  result ;  when  the  burning  was  concluded,  the  bell 
removed,  and  the  mass  examined,  it  was  observed  that  it  had 
separated  into  two  parts  in  burning.  The  outer  surface  or  crust, 
was  white,  and  had  the  form  of  a  cauliflower,  and  contained — 

Silver         . .  . .      74*15 

Copper       . ,  . .      25*52 

Gold  ..  ..  *33 


100*00 
vt'hilst  the  interior  part  was  brown,  and  gave  by  analysis- 
Silver         ..  ..        4*00 
Copper       . .  . .      61*97 


Gold 


34*03 


10000 

The  next  table  shows  the  analyses  of  deposits  taken  from  a 
chimney,  about  35  feet  high,  attached  to  a  small  reverbatory 
furnace,  used  for  melting  an  alloy  of  silver  and  gold  for  granula- 
tion, previous  to  its  being  dissolved  in  sulphuric  acid  to  obtain  the 
gold.  The  melted  metal  is  not  as  in  the  previous  case  covered 
with  charcoal,  but  there  is  kept  floating  about  on  its  surface  a 
number  of  bone-ash  cupels,  for  the  purpose  of  absorbing  small 
quantities  of  lead,  which  at  times  exist  in  some  of  the  silver 
operated  upon. 

The  deposits  taken  from  the  bottom,  middle,  and  top  of  the 
chimney,  gave  by  analysis  the  following  results : — 


Substances  found. 

Bottom. 

Middle. 

Top. 

Mean. 

Metallic  silver 

48-750 

39-160 

29-380 

39-096 

Oxide  of  silver 

•032 

3  140 

1-982 

1-718 

Metallic  copper     . . 

•250 

•250 

•166 

Oxide  of  copper    . . 

•750 

•125 

•125 

333 

Gold           

4-250 

2-640 

2-120 

3-003 

Oxide  of  lead 

slight  trace 

2-200 

2-800 

1-666 

Oxide  of  antimony 

•091 

-111 

•067 

Carbonaceous  matter 

trace 

3-390 

4  200 

2  -530 

Insoluble  in  acid  . . 

25-300 

26-500 

33  -900 

28  -566 

Lime,  magnesia,  iron,  and  aluminum    . . 

19  -918 

22-304 

24-332 

22-188 

99  000 

99-800 

99-200 

99-333 

Total  metallic  silver 

48-779 

42  -083 

31  -225 

40  695 
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Here  again,  we  have  an  undeniable  proof  of  the  great  loss 
sustained  by  the  volatilization  of  the  precious  metals ;  and  when 
we  remember  that  it  is  only  that  portion  of  the  metallic  substance 
which  touches  the  sides  of  the  chimney,  that  has  any  chance  of 
being  recovered  by  deposition,  we  can  at  once  see  the  great  neces- 
sity there  is,  on  the  part  of  those  engaged  in  the  reduction  or 
melting  of  the  precious  metals  on  the  large  scale,  either  to  employ 
some  means  for  the  prevention  of  such  loss,  or  to  devise  some 
kind  of  condensing  chambers  to  retain  the  volatilized  metal. 

Guanaxuato  Mint  (Mexico), 
March  26th,  1858. 


XVI. — Notes  on  the  Action  of  Oxidising  Agents  on  Sulphocyanides. 
By  E.  a.  Hadow,  Esq. 

DEMONSTBATOB  OF  CHEMISTRY  IN   KING's  COLLEGK. 

Having  had  occasion  to  estimate  approximately  the  amount  of 
sulphocyanide  contained  in  a  certain  solution,  the  plan  adopted  as 
being  most  speedy  was  that  of  estimating  it  by  its  power  of  deco- 
lorising, when  acidulated,  a  solution  of  permanganate  of  potash, 
previously  graduated  by  pure  sulphocyanide  of  potassium.  In 
doing  so,  I  was  struck  with  the  large  amount  of  permanganate, 
decolorised  by  a  given  weight  of  sulphocyanide,  compared  with 
that  required  by  a  similar  weight  of  metallic  iron,  for  the  gradua- 
tion of  the  ores  of  which,  the  solution  had  originally  been  prepared; 
and  I  was  inclined  to  imagine  at  first  that  an  entire  oxidation  of 
all  the  elements  must  have  been  brought  about ;  but  on  actually 
estimating  the  amount  of  oxygen  imparted  by  the  permanganate, 
it  was  found  to  be  only  between  5  and  6  atoms  of  oxygen  for  every 
atom  of  sulphocyanogen,  a  quantity  sufficient  for  the  oxidation  of 
the  sulphur  alone,  without  any  surplus  for  attacking  the  hydro- 
cyanic acid,  with  which  it  was  then  not  difficult  to  perceive  that  the 
solution  abounded.  It  appears  surprising  that  a  body  like  hydro- 
cyanic acid,  related  as  it  is  to  formic  acid,  should  resist  a  power- 
ful oxiding  agent,  like  permanganate  of  potash,  better  than  the 
sulphur  with  which  it  was  in  combination ;  but  such  is  the  case  ; 
and  not  only  so,  even  a  strong  solution  of  permanganate  has  no 
apparent   action  on  hydrocyanic  acid  of  Scheele's  strength,  pro- 
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videcl  the  mixture  is  acidulated  by  some  stronger  acid ;  if,  on  the 
other  hand,  the  mixture  is  neutral  or  alkaline,  instant  decom- 
position and  decoloration  ensues.  The  ease  also  with  which  the 
sulphur  of  sulphocyanides  is  oxidised  is  not  less  remarkable,  it 
being  by  no  means  necessary  to  use  such  a  powerful  agent  as  per- 
manganate of  potash.  Black  oxide  of  manganese  rapidly  attacks 
the  sulphur  of  even  a  very  dilute  solution  of  a  sulphocyanide,  when 
acidulated,  and  so  it  might  be  concluded  would  bichromate  of 
potash,  a  fact  which  I  had  incidentally  observed  on  a  former  occa- 
sion, while  estimating  the  carbonic  acid  in  a  sample  of  gas  lime, 
when,  in  order  to  prevent  the  escape  of  sulphurous  acid,  (from  the 
hyposulphites  which  were  present,)  together  with  the  carbonic 
acid,  some  bichromate  of  potash  was  added  to  the  mixture;  it  was 
then  noticed,  while  sucking  out  the  carbonic  acid  after  the  opera- 
tion was  over,  that  there  was  a  strong  flavour  of  hydrocyanic  acid 
in  the  gas  drawn  out.  Peroxide  of  lead,  like  the  other  reagents, 
has  no  effect  on  neutral  sulphocyanides;  any  acid,  however, 
even  acetic,  instantly  renders  it  active,  and  it  immediately  turns 
white  from  formation  of  sulphate  of  lead.  It  is  necessary,  at  the 
same  time,  to  remark,  that  simple  as  the  ultimate  action  of  oxidising 
agents  appears  to  be,  it  evidently  passes  through  various  complex 
stages,  which  are  perceptible  enough  when  permanganate  of  potash 
is  used,  the  first  portion  is  rapidly  and  perfectly  decolorised,  but, 
after  a  certain  point,  the  red  of  the  permanganate  instead  of  in- 
stantly disappearing,  passes  through  shades  of  yellow  and  brown 
before  finally  becoming  colourless,  and,  lastly,  peroxide  of  manga- 
nese is  precipitated.  This  is  not  due  to  gradual  diminution  of 
sulphocyanide,  for  then  dilution  ought  to  produce  the  same  result, 
which  it  does  not,  but  to  the  successive  oxidation  of  distinct 
products,  and  if  the  solutions  be  used  concentrated,  a  yellow  body, 
(probably  pseudosulphocyanogen)  is  precipitated.  This  does  not 
however  explain  the  decomposition ;  for,  as  sulphuric  acid  makes  its 
appearance  from  the  very  first,  while  there  is  but  little  hydro- 
cyanic liberated  until  quite  towards  the  last — there  must  be  some 
cyanogen  compound  formed,  containing  less  sulphur  than  sulpho- 
cyanogen,  and  yet  capable  of  reddening  persalts  of  iron  like  a 
sulphocyanide  :  for  even  when  the  stage  of  slow  decomposition  of 
permanganate  commences,  the  addition  of  perchloride  of  iron  pro- 
duces intense  reddening;  and  if  we  may  make  a  supposition  from  the 
amount  of  oxygen  contained  in  the  permanganate  which  has  been 
used  up  to  this  point,  namely  3  atoms  of  oxygen  for  1  at.  of  sul- 
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pliocyanide^  which  would  suffice  to  oxidise  half  the  sulphur,  the 
body  remaining  should  have  the  composition  HSCy.  Gay  Lussac 
did,  indeed^  in  1815,  prepare  a  body  by  the  direct  combination  of 
cyanogen  and  sulphuretted  hydrogen,  to  which  Laurent  assigns 
the  above  composition,  though  others  have  declared  it  to  be  a 
^e^ywe-hydrosulphate  of  cyanogen.  Should  Laurent's  formula  be 
correct,  it  appears  by  no  means  unlikely  that  it  may  be  the  inter- 
mediate body  which  is  \>  anted  to  explain  the  fact — of  there  being  at 
least  two  stages  in  the  decomposition  of  sulphocyanides  by  perman- 
ganate of  potash ;  it  is,  however,  described  as  so  unstable,  and  the 
properties  assigned  to  its  solution  are  so  little  characteristic,  that 
no  attempt  has  been  made  to  prove  their  identity. 

This  method  of  liberating  hydrocyanic  acid  from  sulphocya- 
nides, namely,  by  oxidation  in  the  moist  way,  may  perhaps  be  pro- 
fitably applied  by  some  gas  companies  to  the  production  of 
ferrocyanides  from  the  hitherto  useless  sulphocyanides  contained 
so  abundantly  in  the  waste  materials  after  their  employment  for 
gas  purification.  In  the  case  of  gas-lime,  the  quantity  of  hypo- 
sulphites likewise  present,  would  most  probably  prevent  its  pro- 
fitable application,  but  this  is  not  the  case  with  waste  hydrated 
oxide  of  iron ;  here  no  hyposulphites  are  present  to  interfere, 
and  the  sulphocyauide  (chiefly  of  ammonium,)  is  likewise  con- 
tained in  a  much  more  concentrated  form,  and  is  extracted  by 
water  Avithout  the  least  difficulty,  so  that  its  employment  for  such 
a  purpose  is  in  every  way  the  best.  The  two  requisites  are  of  course 
a  cheap  source  of  oxygen,  and  a  ready  mode  of  separating  the  hydro- 
cyanic acid  for  conversion  into  ferrocyanide.  Peroxide  of  man- 
ganese with  sulphuric  acid  at  first  suggested  itself  as  a  cheap 
oxidizing  material  likely  to  answer,  and  various  experiments  were 
made  to  determine  how  nearly  the  product  obtained  corresponded 
with  what  theory  required.  Distillation  was  the  method  employed 
for  the  separation  of  the  hydrocyanic  acid,  Avhich  it  effects  very 
rapidly  and  easily.  It  was  found,  however,  that  only  about  |  of  the 
whole  amount  of  hydrocyanic  acid  was  actually  obtained,  and  if  the 
mixture  was  too  concentrated,  or  too  much  sulphuric  acid  had 
been  used,  considerably  greater  loss  of  hydrocyanic  acid  was  sus- 
tained, due  to  its  partial  conversion  into  formic  acid  and  ammonia. 

Nitric  acid  was  then  tried,  and  found  to  be  a  much  more  satis- 
factory means  of  oxidation ;  the  decomposition  is  much  more 
complete,  simple,  and  rapid;  the  nitric  acid  is  little,  if  at  all, 
destructive  to  hydrocyanic  acid,  so  that  from  80  to  90  per  cent,  of 
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the  theoretical  amount  is  readily  obtained ;  and,  on  one  occasion, 
when  especial  care  had  been  taken  in  the  condensation,  the  entire 
theoretical  amount  of  hydrocyanic  acid  was  collected.  Again,  nitric 
acid  being  fluid,  it  mixes  with  the  sulphocyanide,  and  thus  presents 
no  obstacle  to  distiUation  in  a  still  such  as  Coffee's,  contrived  to 
admit  of  the  continuous  distillation  of  a  flowing  stream,  exposing  a 
large  surface  for  e\'aporation,  which  would  be  a  more  difficult  matter 
if  any  insoluble  oxidizing  agent  were  employed.  The  hydrocyanic 
acid  thus  obtained  is  readily  condensed,  by  allowing  the  products  of 
distillation  to  pass  into  an  alkali,  or  a  milk  of  some  alkaline  earth — 
and  the  cyanide  produced  is  afterwards  readily  convertible  into 
ferrocyanide,  by  adding  to  the  alkaline  solution  a  proto-salt  of 
iron  as  long  as  the  protoxide  at  first  precipitated  is  redissolved  by 
stirring  or  the  green  colour  of  the  mixed  oxides  changes  to  red. 
Milk  of  lime  might  be  used  to  absorb  the  hj/drocyanic  acid,  which 
could  then  be  converted  into  ferrocyanide  of  calcium  by  proto- 
chloride  of  iron,  and  separated  by  crystallisation  from  the  other  salts 
present ;  and  the  calcium  salt  might  afterwards  be  converted  into 
the  corresponding  potassium  salt  by  carbonate  of  potash.  Were 
the  nitric  acid  in  its  action  on  sulphocyanides  readily  to  part  with 
3  atoms  of  oxygen  becoming  reduced  to  NO2,  nothing  could  be 
more  satisfactory;  for  the  deutoxide  separated  from  the  hydro- 
cyanic acid  by  means  of  the  base,  might  afterwards  be  brought  in 
contact  with  the  oxygen  of  the  air,  and  thus  be  again  rendered 
fit  for  employment  for  the  same  purpose ;  unfortunately,  how- 
ever, the  deoxidation  of  the  nitric  acid  does  not,  for  the  most 
part  proceed  further  than  the  reduction  of  it  to  NO3,  which  is 
consequently  taken  up  by  the  lime  or  other  base,  together  with 
the  hydrocyanic  acid;  this  does  not,  however,  prevent  the  con- 
version of  the  cyanide  of  calcium,  &c.  into  ferro(!yanide,  proAdded 
the  base  employed  be  in  excess.  The  nitrite  of  lime  in  the  mother 
liquid,  after  the  crystallising  out  of  the  ferrocyanide,  though  not 
readily  available  for  oxidising  a  fresh  quantity  of  sulphocyanide, 
might  yet  be  advantageously  employed  in  the  manufacture  of  sul- 
phuric acid  from  the  sulphur  likewise  so  abundantly  contained 
in  gas  refuse,  for  the  weakest  acid  suffices  t/)  evolve  the  nitrous 
acid,  even  in  the  cold. 

II.  The  action  of  nitric  acid  on  sulphocyanides  is  attended 
with  a  reaction,  which  scarcely  seems  to  have  been  noticed  in  any 
chemical  work,  namely,  that,  just  as  the  action  commences,  an 
intense  reddening  of  the  liquid  occurs,  most  closely  resembling  in 
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colour  a  solution  of  sulphocyanicle  of  iron.  When  first  observed, 
I  did  not  feel  satisfied  that,  because  no  iron  could  be  detected  in 
the  mixture  by  ordinary  tests,  there  was  none  really  present,  for, 
on  the  one  hand,  sulphocyanide  of  potassium  might  exceed  all 
other  tests  in  delicacy,  or,  on  the  other,  some  cyanogen  compound 
of  iron  might  be  present,  in  ^Yllich  the  properties  of  the  metal 
were  disguised  until  liberated  by  the  action  of  nitric  acid;  that 
such,  however,  was  not  the  case,  was  ascertained  by  boiling  the 
red  liquid  until  it  had  become  colourless  from  the  destruction  of 
the  sulphocyanides,  and  when  cool,  adding  more  of  the  sulpho- 
cyanide. Had  the  tint  been  due  to  iron,  the  red  colour  would  then 
have  been  restored,  as  it  was,  however,  it  remained  colourless. 
Pure  colourless  nitric  acid  produces  no  colour  when  added  to  a  sul- 
phocyanide in  the  cold ;  if,  however,  the  temperature  be  slightly 
raised,  coloration  takes  place  immediately,  attended  with  simul- 
taneous formation  of  sulphuric  acid;  for  if  a  little  chloride  of 
barium  be  previously  added,  a  cloud  of  sulphate  of  baryta  will  be 
seen  to  make  its  appearance,  together  with  the  first  shade  of  red. 
If,  however,  red  nitrous  vapours  be  passed  into  a  sulphocyanide, 
the  same  intense  colour  is  produced,  but  without  the  immediate 
formation  of  sulphuric  acid,  although  this  soon  takes  place ;  and 
if  chloride  of  barium  be  added,  it  may  be  oljserved,  that  when  the 
cloud  of  sulphate  baryta  begins  to  appear,  the  liquid  at  the  same 
time  begins  to  lose  colour.  Pure  nitrous  acid,  as  evolved  from  a 
nitrite,  on  treating  it  with  acetic  acid,  has  no  power  of  colouring 
a  sulphocyanide ;  for  when  a  solution  of  the  latter  is  added  to  a 
mixture  of  the  two  former,  no  change  is  observed,  even  though 
the  atmosphere  above  the  liquid  is  coloured.  The  acetic  acid  in  no 
way  prevents  the  coloration  by  nitrous  vapours,  whether  evolved 
from  nitric  acid  acting  on  starch,  or  obtained  by  the  oxidation  of 
binoxide  of  nitrogen  ;  hence  it  appears  that  peroxide  of  nitrogen 
is  really  the  agent  which  produces  the  coloration  of  a  sulpho- 
cyanide. Having  ascertained  that  a  sulphocyanide  was  coloured 
by  peroxide  of  nitrogen,  but  not  by  nitrous  acid,  I  hoped  by  its 
means  to  ascertain  whether  the  so-called  hyponitrate  of  lead, 
obtained  by  boiling  the  nitrate  with  metallic  lead,  were  really  a 
direct  compound  of  oxide  of  lead  and  peroxide  of  nitrogen,  or  not 
rather  a  mixture  of  basic  nitrite  and  nitrate  of  lead,  concluding 
that  if  NO3  (an  acid,)  were  displaceable  by  acetic  acid,  NO4,  being, 
as  its  name  would  lead  us  to  infer,  an  oxide,  and  even  stated  to 
have  no  acid  properties,  would  at  least  be  equally  readily  liberated 
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by  acetic  acid;  on  making  the  experiment  with  various  basic  nitrites 
and   Iiyponitrites   of  lead,    no  trace  of  NO^  could  be   detected. 
These   experiments,  however,  in  reality  entirely  fail  to  settle  the 
point ;  for  NO^,  though  termed  an  oxide,  behaves,   in  all  cases, 
like  a  combination  of  NOg  and  NO3,   so  that  if  the  gases  which 
powerfully  redden  sulphocyanide   be   first  passed  into  an  alkaline 
solution,  and  the  product  be  then  treated  with  acetic  acid  and  a 
sulphocyanide,  no  reddening   occurs,    although   vapours  of  NO3 
appear  abundantly,  showing  that  the   base  has  split  the  NO^  into 
NO5  and  NO3 ;  the  same  is  the  case  when  NO4  is  passed  into  an 
alkaline   acetate ;  here,  however,  NO5  only  is  absorbed  and  NO3 
remains  free,  and  thus  we  have  a  method  of  fi*eeina:  NO,  from 
NO^.     The  point,  however,  to  be  noticed  is,  that  acetate  of  lead 
acts    in    the  same  way,    decomposing    NO^    into  NO5,  which  is 
absorbed,  and  i^  O3,  which  escapes ;  hence  it  is  evident,  that  even 
if  the  lead — compound  really  contained  NO^,  the  latter,  liberated 
in  presence  of  the  acetate  of  lead  then  formed,  would  be  instantly 
decomposed   as    above   stated.     When    the    product   obtained   by 
passing  NO^  into  an  alkaline  solution,  is  supersaturated  witli   an 
acid  stronger  than  acetic,  and  then  tested  with  a  sulphocyanide, 
the  deep  red  is  again  obtained,  which  it  might   be  imagined  was 
due  to  the  simultaneous  liberation  of  the  NO5  and  NO3,  and  their 
union  to    form  the  NO^  from  which  they  were  produced ;  neither 
is  it  a  conclusive  argument  against  this  view,  that  the  acids  era- 
ployed  were  too  dilute  to  liberate  nitric  acid  perceptibly  from  pure 
nitrates,  for  in  the  former  case  the  additional  affinity  of  NO3  for 
NO5  would  come  into  play.  It  was  found,  however,  that  nitrites,  how- 
ever carefully  prepared,  hy  double  decomposition  from  pure  nitrite 
of  silver,  or  by  extraction  from  crude  nitrites  with  alcohol,  always 
acted  in  the  same  manner  when  treated  with  a  stronger  acid,  hence 
it  appeared  probable  that  NO3  really  produces  the  reaction  with 
free  hydrosulphocyanic  acid,  though  not  with  a  sulphocyanide,  and 
that   the   reason  why  a  mixture  of  a  sulphocyanide  and  nitrite 
remained  colourless  when  treated  with  acetic  acid,   was  that  the 
latter  was  a  weaker  acid  than  hydrosulphocyanic  acid,  and  not  being 
capable  of  liberating  it,  the  coloration  with  NO3  could  not  occur ; 
and  this  was  found  to  be  the  case,  for  on  preparing  pure   HS^Cy 
and    exposing    it    together  with   a  sulphocyanide    to    the    vapour 
evolved  from  a  nitrite  and  acetic  acid,  the  foi-mer  was  instantly 
reddened,  while  the  latter  remained  colourless,  and  on  adding  to 
the  reddened  HS2CV  a  solution  of  any  acetate   the  colour  disap- 
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peared^  in  consequence  of  the  HS.^Cy  entering  into  combination 
with  the  base  in  preference  to  the  acetic  acid,  and  being  thus  ren- 
dered incapable  of  reacting  with  NO3.  The  action  of  NO  4  on 
salts  with  weak  acids  explains  also  its  behaviour  with  sulphocyan- 
ides  ;  for  here  as  in  other  cases,  we  may  conclude  that  it  is  split 
into  NO.  and  NO3,  the  former  liberating  HS.^Cy,  which  is  then  in 
a  condition  to  be  coloured  by  the  latter.  Hence,  although  sulpho- 
cyanides  serve  as  a  test  to  distinguish  between  NO  4  and  NO3  in  a 
gaseous  mixture,  it  appears  that  the  colour  produced  is  really  due 
to  the  mutual  presence  oi  free  NO3  and/ree  HS.2  Cy.  The  colour 
does  not  appear  to  be  due  to  any  decomposition  of  the  HS2Cy, 
for  in  consequence  of  the  large  amount  of  HCy  obtainable  by  the 
action  of  nitric  acid  on  sulphocyanides  (which  seems  to  show  that 
the  whole  action  is  expended  on  the  sulphur)  we  must  conclude 
that  the  very  first  symptom  of  decomposition  will  be  the  appearance 
of  sulphuric  acid,  for  such  is  the  case  when  a  mixture  of  a  sulpho- 
cyanide,  chloride  of  barium,  and  nitric  acid,  are  gently  heated,  the 
instant  a  reddish  tint  appears,  showing  that  the  nitric  acid  has  under- 
gone reduction  and  parted  with  some  oxygen,  a  cloud  of  sulphate  of 
baryta  also  appears.  This  is  not  the  case,  however,  immediately 
when  NO  4  is  passed  into  the  mixed  solutions  of  a  sulphocyanide 
and  a  baryta  salt,  the  red  colour  remains  some  little  time  before  a 
cloud  appears,  and  substances  capable  of  combining  with  NO3 
such  as  bases  or  even  alcohol  immediately  decolorise  the  mixture, 
the  latter  thus  furnishes  an  additional  means  of  distinguishing 
between  the  colour  due  to  oxides  of  nitrogen  and  that  due  to  per- 
saltsofiron.  The  comlnnation,  therefore,  Avhich  produces  the  red 
colour  seems  to  be  similar  in  the  feebleness  of  its  character  to 
that  of  the  black  compounds  which  ferrous  salts  form  with  NO2, 
which  are  stated  to  be  destroyed  by  simply  placing  in  a  vacuum. 

In  conclusion  it  may  be  observed  that  the  fact  of  a  portion  of 
the  sulphur  in  protein  compounds  being  more  difficult  of  detec- 
tion than  the  remainder — taken  into  consideration  with  the  ap- 
pearance of  hydrocyanic  acid  amongst  the  products  obtained  by 
the  action  of  oxidising  agents  on  albumen,  &c., — seems  to  suggest 
the  possibility  that  this  latent  condition  of  the  sulphur  may  be 
due  to  its  xmion  with  the  hydrocyanic  acid  as  sulphocyanide,  per- 
haps further  combined  with  the  alcohol-radicals  corresponding  to 
those  acids  which  likewise  appear  amongst  the  products  of  oxida- 
tion of  protein  bodies.  The  fact  of  the  existence  of  sulphocyanides 
in  the  b^ody  seems  to  show  that  such  an  explanation  is  not  utterly 
improbable. 
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Anniversary  Meeting, — March  30,  1858. 

Dr.  Lyon  Playfair,  C.B,,  President,  in  the  Chair. 

The  Report  of  the  Council,  and  the  audited  account  of  the 
Treasurer,  were  read  as  follows  : — 

REPORT  OF  THE  PRESIDENT  AND  COUNCIL. 

The  late  President  of  the  Society,  at  the  last  Anniversary,  ex- 
plained the  aiTangements  then  in  progress  for  giving  to  the 
Chemical  Society  adequate  accommodation  in  Burlington  House. 
Since  that  time,  the  Society  has  taken  possession  of  the  rooms  in 
that  house  placed  at  its  disposal  by  the  Government,  under  a 
common  arrangement  with  the  Royal  and  Linnsean  Societies.  The 
expense  of  removal  from  the  former  rooms  in  Cavendish-square  and 
the  cost  of  fittings  in  the  present  apartments,  have  not  entailed  a 
charge  upon  the  funds  of  the  Society,  having  been  met  by  a  volmi- 
tary  subscription  of  the  Fellows.  The  day  of  meeting  was  changed 
from  Monday  to  Thursday,  in  order  that  the  Chemical  Society 
might  meet  on  the  same  days  as  the  Royal  and  Linnsean  Societies. 
The  advantage  of  this  change  has  been  obvious,  not  only  to  the 
Fellows  of  oui'  own,  but  also  to  those  of  the  other  two  Societies, 
their  meeting-rooms  having  been  made  readily  accessible  to  all 
who  felt  interested  in  any  particular  paper  which  might  be  read  in 
either  of  the  Societies  in  question. 

During  the  last  year,  39  Fellows  have  been  elected,  a  number 
greater  than  that  in  any  year  since  the  one  subsequent  to  the 
formation  of  the  Society  in  1811.  But  the  increase  in  the  Society 
has  not  been  proportional  to  the  elections,   for  it  has  been  found 
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necessary  to  remove  15  Fellows  from  the  list,  on  account  of  default 
in  the  payment  of  their  subscriptions.  The  present  number  in  the 
Society  is  as  follows  :— 

Number  of  Fellows  on  30th  March,  1857  369 

Fellows  admitted  since  that  date    .  .     30 

Do.  resigned  .....       2 

Do.  deceased         .....       5 
Do.  removed  in  default  of  subscription  .15 

Increase        ......       8  8 


Present  number  of  Fellows   .         .         .  277 


On  the  last  Anniversary,  the  number  of  our  Associates  was  14,  of 
whom  two  have  been  elected  Fellows;  only  one  has  been  since 
elected,  so  that  the  present  number  of  Associates  is  13.  On 
the  30th  of  March  last,  our  Foreign  jNIembers  numbered  23,  of 
whom  one  is  now  deceased;  and  two,  namely,  Auguste  Cahours 
and  C.  A.  Lehmann,  have  been  elected. 

Tlie  deceased  Foreign  Member,  Baron  Thenard,  is  a  name  long 
known  with  honour  to  all  chemists.  He  was  bom  on  the  4th  of 
May  1777,  at  Nogent-sur- Seine,  in  Champagne.  His  father  was 
a  poor  farmer,  who  made  many  sacrifices  to  educate  his  son. 
Young  Thenard,  after  having  had  a  liberal  education  at  an  academy 
in  Sens,  went  to  Paris,  when  16  years  of  age,  with  the  view  of 
studying  Pharmacy,  in  order  that  he  might  return  to  Champagne. 
In  the  laboratory  of  Vauquelin,  he  first  acquired  his  strong  taste 
for  Chemistry,  and  to  that  chemist  is  due  the  foundation  of 
Thenard's  fortunes.  Through  Vauquelin's  influence,  he  ob- 
tained an  appointment  in  the  Ecole  Polytechnique,  and  attracted 
the  attention  of  many  chemists,  among  others  of  Gay  Lussac, 
Berthollet,  and  Laplace,  by  the  skill  and  dramatic  powers  of  his 
lectures.  In  1800,  being  now  23  years  of  age,  he  published  his 
first  memoir,  being  one  upon  the  compounds  of  Antimony  and 
Oxygen.  The  Institute  gave  to  this  paper  high  encouragement, 
and  in  the  folloAving  year  Thenard  presented  another  memoir  on 
Sebacic  Acid,  showing  that  it  might  be  obtained  by  distilling 
various  fatty  substances.  In  the  following  year,  Vauquelin  re- 
signed the  chair  of  Chemistry  at  the  College  de  France,  and  recom- 
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mended  that  his  former  pupil  should  be  his  successor.  He  was 
now  raised  to  a  professorship  in  the  Ecole  Polytechnique,  and,  in 
1807,  associated  himself  with  Gay  Lussac  in  prosecuting  that 
brilliant  series  of  discoveries  in  Chemical  Physics  for  which  their 
names  are  so  justly  celebrated.  Among  these  were  described  two 
modes  of  analysing  organic  substances,  and  a  great  impulse  was 
thus  given  to  a  new  and  most  important  department  of  Chemistry. 
In  1810,  Thenard  was  elected  to  succeed  Fourcroy  as  a  member 
of  the  Institute,  and  had  a  third  professorship  bestowed  upon  him 
at  the  Faculte  des  Sciences  de  Paris.  His  power  and  popularity  as 
a  teacher  seemed  to  remain  undiminished  by  this  heavy  addition  to 
his  labours,  and  for  20  years  he  continued  head  lecturer  to 
audiences  of  more  than  a  thousand  persons. 

In  1812,  he  published  his  Traite  EUmentaire  de  Chiniie  Theo- 
rique  et  Pratique,  a  work  which  acquired  a  European  reputation, 
and  did  much  to  difluse  a  knowledge  of  Chemistry  by  the  masterly 
and  clear  manner  of  its  exposition. 

In  1818,  he  made  his  remarkable  discovery  of  peroxide  of 
hydrogen,  and  afterwards  of  various  other  oxides,  particularly  of 
calcium  and  strontium.  Some  of  these  are  probably  compounds 
of  the  metallic  protoxide  with  peroxide  of  hydrogen. 

In  1827,  he  entered  the  Chamber  of  Deputies  as  a  Moderate 
Liberal ;  and,  after  the  Revolution  of  1830,  was  called,  with  his 
friend  Gay  Lussac,  to  the  House  of  Peers. 

He  now  took  a  leading  part  in  public  matters  connected  with  the 
progress  of  science  and  literature,  and  contributed  much  to  the 
gTOwth  of  scientific  schools  and  institutions  in  France. 

Even  during  the  last  year  of  his  active  life,  he  continued  the 
study  of  chemistry,  in  a  joint  research  with  his  son  Paul  Thenard ; 
and  died,  after  a  short  illness,  on  the  21st  of  June  last. 

Death  has  removed  from  our  Society  two  of  its  original  mem- 
bers. One  of  them  was  Mr.  Brooke,  the  distinguished  crystallo- 
grapher.  Henry  James  Brooke  was  born  at  Exeter  on  the  25th  of 
May,  1771.  He  first  studied  for  the  bar,  but  subsequently  went 
into  the  woollen  trade,  as  his  relatives  were  actively  engaged  in  the 
manufacture  of  broad  cloth.  In  the  prosecution  of  this  business 
he  lived  for  two  years  in  Spain,  and  took  up  his  residence  in 
London  in  1802.  He  had  already  shown  a  decided  taste  for 
Mineralogy,  Geology,  and  Botany,  and  continued  to  study  them 
with  ardour  when  his  industrial  pursuits  gave  him  leisure.  After 
some  fluctuations  in  his  commercial  pursuits,  he  attached  himself 
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to  a  Life  Assurance  Association  as  its  secretary,  having  long  shown 
an  interest  in  the  questions  involved  in  Life  Assurances. 

Li  1823;  he  published  his  "Familiar  Introduction  to  Crystallo- 
graphy/' and  much  simplified  and  improved  this  treatise  in  the 
Encyclopaedia  Metropolitana. 

Mr.  Brooke  recognised  at  an  early  period  the  use  of  the  reflective 
goniometer  for  the  measurement  of  laboratory  crystals,  of  which 
he  examined  a  large  number  of  specimens. 

Up  to  within  a  short  period  of  his  death,  which  took  place  on 
the  27th  of  June  last,  he  continued  to  occupy  himself  with  his 
favourite  science. 

Professor  Edmund  Davy,  another  of  our  original  members, 
died  on  the  5th  of  last  November.  He  was  born  at  Penzance  in 
1785,  where  he  remained  until  his  cousin,  Sir  Humphrey  Davy, 
appointed  him  to  the  office  of  an  assistant  in  the  laboratory  of  the 
Royal  Institution,  in  1804.  The  eight  years  during  which  he 
occupied  this  post  were  very  fruitful  in  chemical  diseoverjr^  and 
Mr.  Davy  had  the  advantage  of  acquiring  a  large  and  varied  expe- 
rience. In  1813,  he  was  appointed  Professor  of  Chemistry  to  the 
Royal  Institution  of  Cork,  where  he  remained  for  13  years;  after 
which  he  was  appointed  to  a  similar  chair  in  the  Royal  Dublin 
Society,  as  a  successor  to  Mr.  Higgjns,  well  known  for  his  views 
on  the  Atomic  Theory.  In  both  these  chairs.  Professor  Davy 
laboured  zealously  to  make  known  the  discoveries  of  chemical 
science  by  courses  of  lectures,  marked  for  their  clearness  of  exposi- 
tion and  for  the  care  of  their  preparation. 

Professor  Davy  published  many  memoirs  on  chemical  subjects 
in  the  scientific  journals  ;  those  upon  new  compounds  of  Platinum, 
on  the  Fulminates,  and  on  a  new  Hydrocarbon,  being  among  tlie 
more  conspicuous.  He  continued  at  work  in  his  laboratory  until 
within  a  few  months  of  his  death.  In  him,  the  Royal  Dublin 
Society  has  lost  a  teacher  long  and  favourably  known  in  connec- 
tion with  that  Institution,  not  only  from  his  professional  labours, 
but  also  for  his  great  moral  worth  and  warm  disposition. 

Papers  read  at  the  Meetings  of  the  Chemical  Society,  between 
March  30,  1857,  and  March  30,  1858  :— 

"  On  a  New  Base  obtained  from  the  Juice  of  Flesh  :"  by  Professor 

Strecker. 
"On  the  Juice  of  Beef:"  by  Professor  Bloxara. 
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"Oil  a  New  Method  of  Testing  Urine:"  by  Mr.  J.  Horsley. 

"  On  the  Fatty  Matters  of  Human  Excrements  in  Disease  :^'  by 

Dr.  Marcet. 
"  On  some  Products  of  the  Oxidation  of  Chinese  Wax  :''  by  G.  B. 

Buckton,  F.L.S. 
"  On  the  Chemical  Changes  which  Pig  Iron  undergoes  during  its 

Conversion    into    Wrought    Iron :"    by     Messrs.    F.    Crace 

Calvert  and  R.  Johnson. 
"  On  a  New  Series  of  Organo-thionic  Acids  :"  by  J.  T.  Hobson, 

Ph.D. 
"  Notice  of  a  New  Maximum  and  Minimum  Thermometer :"  by 

Rev.  J.  G.  Macvicar. 
"On  an  Optical  Test  for  Didymium:"  by  Dr.  J.  H.  Gladstone, 

F.R.S. 
"  Some  Chemical  Facts  respecting  the  Atmosphere  of  Dwelling 

Houses  :"  by  Dr.  H.  E.  Roscoe. 
"  Remarks  on  the  Action  of  Heat  on  Gold,  and  its  Alloy  with 

Copper:"  by  Mr.  James  Napier. 
"  Contributions    towards   the    History   of    Thialdine :"     by   Dr. 

Hofmann. 
"Analysis  of  the  Water  of  Tunbridge  Wells:"    by    Mr.  John 

Thomson. 
"  On  the  Action  of  Sulphuric  Acid  on  Anisic  Acid  •"  by  M.  Louis 

Zervas. 
"  On  the  Separation  of  Iodine,   Bromine,  and  Chlorine,  and  the 

comparative  degree  of  Affinity  of  these  Elements  for  Silver ; 

with  some  Analyses  of  their  combinations  with  that  Metal 

occurring  in  Chili:"  by  Mr.  Frederick  Field. 
"  On  some  Constituents  of  Rhubarb  :"  by  Dr.  Warren  De  la  Rue 

and  Dr.  Hugo  Miiller. 
"  On  the  Volumetrical  Determination  of  the  Carbonic  Acid  in  the 

Air:"  by  Professor  Pettenkofer. 
"  On  a  New  Calotype  Process :"  by  Mr.  J.  Mercer. 
"On  Rosolic  Acid:"  by  Dr.  Hugo  Miiller. 
"  On  the  Arseniates  of  Baryta,  Lime,  and  Magnesia,  and  the  sepa- 
ration of  Arsenic  from  other  elements  :"  by  Mr.  F.  Field. 
"  On  the  existence  of  a  second  Crystalline  Fluorescent  Substance, 

Paviine,  in  the  Bark  of  the  Horse-chestnut  Tree :"  by  Pro- 
fessor Stokes,  Sec.  R.S. 
"  On  a  New  Maximum  and  Minimum  Mercurial  Thermometer :" 

bv  the  Rev.  Dr.  Macvicar. 
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"  On  the  Chemical  Action  of  Water  on  Soluble  Salts :"  by  Dr. 

J.  H.  Gladstone,  F.R.S. 
''On  Poly-atomic  Ammonias  :"  by  Dr.  Hofmann. 
•'  On  the  lodo-sulphates  of  the  Cinchona  Alkaloids  :"  by  Dr.  W. 

Bird  Herapath. 
"  On  the  Action  of  Bromine  on  Acetic  Acid  :"  by  Messrs.  Perkin 

and  Duppa. 
"  On  a  Poison  obtained  from  Arrows  -."  by  Mr.  Henry  Hancock. 

Discourses  delivered  since  March  30,  1858. 

"  On  the  Applications  of  Sewage  to  Agriculture  :"  by  Mr.  Dugald 

Campbell. 
"  On  the  Alkaline  Products  of  the    Destructive    Distillation  of 

Animal  Matter:"  by  Dr.  Thomas  Anderson,  F.R.S. 
*'  On  the  Recent  Progress  of  Electro-Chemistry  ;"  by  Dr.  W.  A. 

Miller,  F.R.S. 


Messrs.  Dugald  Campbell  and  George  Maule  having  been 
appointed  Scrutators,  the  meeting  proceeded  to  the  election 
of  Council  and  Officers  for  the  ensuing  year,  and  the  following 
were  declared  to   have  been  duly  elected  : — 

President.— T>v.  Lyon  Playfair,  C.B.,  F.R.S. 

Vice-Presidents  who  have  filled  the  office  of  President. — W,  T. 
Brande,  F.R.S.;  Dr.  C.  G.  B.  Daubeny,  F.R.S.;  Thomas 
Graham,  F.R.S.;  Dr.  W.A.Miller,  F.R.S.;  Col.  Philip  Yorke, 
F.R.S. 

Vice-Presidents. — B.  C.  Brodie,  F.R.S.;  Dr.  H.  B.  Jones, 
F.R.S.;  Robert  Porrett,  F.R.S.;  Dr.  John  Stenhouse,  F.R.S. 

Secretaries. — Theophilus  Redwood,  Ph.D.;  W.  Odliug, 
M.B. 
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Foreign  Secretary. — Dr.  A.  W.  Hofmann,  F.R.S. 

Other  Members  of  Council. — F.  A.  Abel;  G.  B.  Buckton 
F.R.S.;  Dr.  E.  Frankland,  F.R.S. :  Dr.  J.  H.  Gilbert;  Dr. 
W.  C.  Henry,  F.R.S.;  Dr.  G.  D.  Longstaff;  Nevil  Story 
Maskelyne;  John  Mercer,  F.R.S. ;  Dr.  H.  M.  Noad,  F.R.S. ; 
Alfred  Smee,  F.R.S.;  Dr.  J.  A.  Voelcker;  Dr.  A.  W.  Wil- 
liamson, F.R.S. 

The  following  resolutions  werepasised  : — 

1.  That  an  alteration  be  made  in  the  seventh  paragraph  of  the 
first  bye-law,  in  the  fourth  and  fifth  lines  of  the  paragraph,  to  the 
effect,  that  the  words  "  be  calculated  from  the  Ladyday  or  Mi- 
chaelmas preceding  their  election"  be  struck  out,  and  the  words 
"  become  due  on  the  first  day  of  January  in  each  year,"  substi- 
tuted for  them. 

2.  That  a  list  of  the  names  of  those  gentlemen  who  have  not 
paid  the  subscriptions  due  from  them  at  the  present  time,  be  sus- 
pended in  the  library  and  meeting-room. 

3.  That  the  thanks  of  the  meeting  be  given  to  the  President, 
Officers,  and  Council,  for  their  services  during  the  past  year. 

4.  That  the  thanks  of  the  Society  be  given  to  Professor  Gra- 
h  am,  and  the  other  gentlemen  who  subscribed  tow  ards  the 
removal  fund,  whereby  the  removal  was  effected  without  any 
drain  upon  the  ordinary  funds  of  the  Society. 

5.  That  the  thanks  of  the  meeting  be  given  to  the  Auditors  for 
their  kindness  in  examining  the  accounts. 


April  1,  1858. 

Dr.  Lyon  Playfair,  C.B.,  President,  in  the  Chair. 

Henry  Davis  Pochin,  Esq.,  Chemical  Manufacturer,  Manches- 
ter, and  Richard  Taylor,  Esq.,  Charlbury,  Oxfordshire,  were 
elected  Fellows  of  the  Society. 

The  following  papers  were  read  : — 

"  On  a  new  method  of  preparing  Propionic  Acid,"  by  Mr.  J. 
A.  Wanklyu. 
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"  On  some  compounds  of  Iodide  aud  Bromide  of  Mercury  with 
the  Alkaloids/'  by  Mr.  T.  B.  Groves. 


April  15,  1858. 
Dr.  Lyou  Playfair,  C.B.,  President,  in  the  Chair. 

J.  Thomson,  Esq.,  Royal  College  of  Chemistry, 
T.  Thomas,  Esq.,  2,  Redland  Parade,  Bristol,  and 
J.  Hindle,  Esq.,  Sabden,  near  Whalley,  Lancashire, 
were  elected  Fellows  of  the  Society, 

Dr.  Odling   delivered  a  discourse     "On  Atoms  and  Equiva- 
lents." 


May  6,  1858. 
Dr.  W.  A.  Miller,  Vice-President,  in  the  chair. 

The  following  donations  were  announced  : — • 

"  The  Pharmaceutical  Journal,"  from  the  Editor, 
"  The  Journal  of  the  Society  of  Arts,"  from  the  Society. 
"  Abel  and  Bloxam's  Handbook  of  Chemistry,"  second  edition, 
from  the  Authors. 

"  Annales  des  Sciences  Naturelles." 

The  following  were  elected  Fellows  of  the  Society  : — 

Edward  Davies,  Esq.,  Royal  Institution,  Manchester. 
Simeon  Stoikowitsch,  Esq.,  Royal  Institution,  Manchester. 
Alfred  Biuyon,  Esq.,  Mayfteld  Print  Works,  Manchester. 
Charles  O'Neil,  Esq.,  Manchester. 

Richard   Johnson,  Esq.,  Dale  Street,  Manchester,  and 
Thomas  Toase,  Esq.,  Wesleyan  College,  Hayti. 
Dr.  Martin  Von  Bose,  of  Cary  Street,  Avas  elected  an  Associate 
of  the  Society. 

Dr.  Odling  continued  his   discourse   "  On  Atoms  and  Equiva- 
lents." 


May  20,  1858. 

Dr.  Lyon  Playfair,  C.B.,  President,  in  the  Chair. 
George  Parry,  Esq.,  Ebbw  Vale,  Newport,  Monmouthshire, 
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and  William   Charles   Paterson,   Esq.,  Ashville,   Purtick  Hill, 
Glasgow,  were  elected  Fellows  of  the  Society. 

Dr.    Angus    Smith    delivered    a   discourse    "On    the    Air    of 
Towns." 


June  3,  1858. 
Dr.  Lyon    Play  fair,  C.B.,  President,  in  the  Chair. 

Messrs.  Mark  Lansdell  and  John  Colliswere  elected 
Associates  of  the  Society. 

The  following  papers  were  read : — 

"  On  the  quantitative  estimation  of  Sulphides,  Sulphites,  Hyj)o- 
sulphites,  and  Sulphates,  in  the  presence  of  one  another,"  by  Mr. 
J.  W.  Kynaston. 

"  On  the  Composition  and  Analysis  of  Black  Ash  or  Ball  Soda/' 
by  the  same. 

"  On  Nitrite  of  Amyl  and  its  Derivatives,'^  by  Dr.  F.  Guthrie. 

"  On  a  new  method  of  preparing  Peroxide  of  Chlorine,"  by 
Messrs.  Grace  Calvert  and  E.  Davies. 

"  On  the  Deposits  found  in  the  Chimneys  of  Gold  and  Silver 
Reverberatory  Furnaces,"  by  Mr^  J.  Napier. 

"  On  the  formation  of  Chrysammic  Acid  by  the  action  of  Nitric 
Acid   on  Aporetin,"  by    Drs.  Warreu  De   la   Rue  and    Hugo 

Muller.  

June  1 7,  1858. 
Dr.  Lyon  PI  ay  fair,  President,  in  the  Chair. 

Dr.  Edward  T.  Kirkpatrick,  12,  Park  Lane, 
Dr.  Bond,  B.A.,  M.B.,  Queen's  College,  Birmingham,  and 
John  Williams,  Esq.,  5,  Old  Cavendish  Street,  were  elected 
Fellows  of  the  Society. 

A  resolution  of  the  Council  was  read,  recommending  that  the 
names  of  six  Fellows,  whose  subscriptions  are  in  arrear,  be  removed 
from  the  List  of  Fellows  of  the  Chemical  Society. 

Dr.  Hofmann  delivered  a  discourse    "  On  Ammonia." 

The  titles  of  the  following  papers  were  read  : — 

'^  On  the  general  action  of  oxTdising  agents  on  Sulphocyanides, 
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and  on  a  special  reaction  attending  the  use  of  Nitric  Acid/'  by 
Mr.  E.  A.  Ha  do  w. 

/' Mineralogical  Contributions,  containing  communications: — 

"  On  Meteoric  Iron  from  Zacaticas  in  Mexico, 
"  On  Pseudomorphous  Cinnabar,  from  Spain, 
"  On  Libethenite,  from  Southern  Africa, 
"On  Columbite,  from  Greenland,"  by  Dr.  Hugo  Miiller. 
"  On  the  amount  of,  and  the  relation  between,  the  chief  consti- 
tuents of  the  Food  Grains  of  India,"  by  Dr.  Forbes  Watson. 
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XVI  r. —  On  a  new  method  of  preparing  Hypochloric  Acid  or 
Peroxide  of  Chlorine. 

By  F.  Grace  Calvert,  F.C.S.,  and  E.  Davies,  F.C.S. 

We  were  recently  led  to  study  the  action  of  chlorate  of  potash 
on  oxalic  aeid,  and  found  that  when  these  two  bodies  were  heated 
together,  a  yello^v  gas  was'produced,  the  composition  of  which  we 
have  studied.  We  think  that  it  will  be  interesting  to  the  Chemical 
Society  to  know  that  this  substance,  which  has  hitherto  been  so 
dangerous  to  prepare,  on  account  of  the  violent  action  which 
salphurie  acid  produces  on  chlorate  of  potash,  can  now  be  obtained 
without  the  slightest  risk,  by  using  the  process  and  taking  the 
precautions  which  we  shall  describe.  Even  when  a  large  quantity 
of  chlorate  of  potash  is  used  relatively  to  the  quantity  of  oxalic 
acid,  no  violent  action  ensues,  unless  a  very  strong  heat  is  applied, 
when  a  deflagration  takes  place  and  the  flask  is  generally  broken  ; 
whilst,  by  employing  excess  of  oxalic  acid,  regulating  the  tempe- 
rature as  described,  and  stopping  the  operation  when  CIO4  ceases 
to  be  disengaged,  no  accident  can  happen,  and  this  gas  may  be 
exhibited  at  a  lecture,  or  prepared  for  any  other  purpose  with  as 
much  facility  as  any  other  compound  of  cldorine  and  oxygen. 

The  gas  was  prepared  by  heating  in  an  oil  or  water-bath  to 
about  70"C..  (158°  F.),  pure  and  well  pulverized  chlorate  of 
potash    and    crystallized    oxalic    acid,   when    the    gas   is    steadily 
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given  off  accompanied  by  carbonic  acid ;  when  action  ceases, 
raising  the  temperature  above  70°C.  does  not  cause  a  further  evo- 
lution of  hypochloric  acid,  as  above  this  tempcratui'e  tlie  gas  is 
decomposed  and  a  mixture  of  chlorine  and  oxygen  given  off.  We 
found  that  the  addition  of  water  to  the  materials  diminished  the 
amount  of  hypochloric  acid  produced. 

It  would  appear  at  first  probable  that  the  reaction  should  consist 
in  one  equivalent  of  chlorate  of  potash  oxidizing  one  equivalent  of 
oxalic  acid,  and  producing  hypochloric  acid,  carbonic  acid,  and  car- 
bonate of  potash  ;  but  we  have  not  been  able  to  eflect  this,  as  with 
these  proportions,  large  quantities  of  both  chlorate  of  potash  and 
oxalic  acid  escape  decomposition.  We  therefore  increased  the 
quantity  of  oxalic  acid  to  2,  3,  4  and  5  equivalents,  but  still  could 
not  entirely  diive  off  all  the  chlorine  of  the  chlorate  of  potash 
combined  as  CIO,,,  though  the  quantity  produced  increased  in 
the  ratio  of  the  additional  number  of  equivalents  of  oxalic  acid. 
This  result  is  not  due  to  want  of  intimate  mixture,  as  towards  the 
end  of  the  operation  the  mixture  becomes  serai-fused,  and  also 
on  repeating  the  experiment  with  the  same  quantities  of  materials, 
a  constant  quantity  of  CIO 4  was  always  obtained.  As  with  six 
equivalents  of  oxalic  acid,  -j  of  the  chlorine  contained  in  the  chlo- 
rate of  potash  employed  was  given  off  as  CIO  4,  we  tried  an 
experiment,  using  9  equivalents,  and  found  that  ^  of  the  chlorine 
of  the  chlorate  of  potash  was  given  off  as  CIO  4,  the  remaining  ^ 
being  in  the  residue  in  the  flask  as  chloride  of  potassium.  The 
latter  proportions  are  those  Avitli  which  we  have  prepared  the  gas 
for  various  experiments. 

From  these  results  it  appears  probable  that  the  formation  of 
the  CIO 4  is  due  to  the  liberation  of  the  chloric  acid,  by  formation 
of  an  acid  oxalate  of  potash,  the  free  chloric  acid  being  afterwards 
decomposed  by  the  excess  of  oxalic  acid. 

After  several  experiments,  we  found  that  the  following  process 
for  analysing  the  gas  gave  the  best  results.  A  saturated  aqueous 
solution  of  the  gas  being  prepared,  a  stream  of  sulphurous  acid 
was  passed  into  the  liquor  until  it  was  decolorised. 

The  liquid  now  containing  sulphuric  and  hydrochloric  acids  was 
divided  into  four  equal  portions,  and  in  two  of  these  the  sulphuric 
acid  was  determined  as  sulphate  of  baryta  by  boiling  to  expel 
excess  of  sulphurous  acid  and  precipitating  with  chloride  of  barium. 
In  the  other  two  portions,  the  hydrochloric  acid  was  determined 
as  chloride  of  silver.     From  the  Aveights  thus  obtained  it  was  easy 
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•221 
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to  calculate  the  formula  of  the  gas  ;  for,  as  one  equivalent  of 
chlorine  would  cause  the  oxidation  of  one  equivalent  of  sulphur- 
ous acidj  and  as  each  equivalent  of  oxygen  in  the  compound  had 
a  similar  effect,  each  equivalent  of  chlorine  should  correspond  to 
as  many  equivalents  of  sulphuric  acid  as  there  were  equivalents  of 
chlorine  and  oxygen  together  in  the  compound. 

Thus,  if  the  compound  were  CIO 4,  there  should  be  for  each  equi- 
valent of  chlorine  5  equivalents  of  sulphurous  acid  oxidized  into 
sulphuric  acid.  The  following  figures  will  show  how  closely  the 
results  obtained  coincide  with  those  calculated  from  the  formula. 

Sulphate  of  Baryta  calculated 
supposing  the  compound  to 
Chloride  of  Silver  found.     Sulphate  of  Baryta  found,     be  CIO  4. 

grms.  grms. 

•776  -780 

•882  -865 

•955  -955 

In  order  tliat  there  may  be  no  doubt  as  to  the  above  being  the 
composition  of  the  gas,  we  give  the  quantity  of  sulphate  of  baryta 
which  should  be  produced  if  its  formula  were  CIO3. 

Sulphate  of  Baryta  c:.lculated  supposing  the 
compound  to  be  CIO  3. 

grms. 

•620 
•705 
•764 

From  the  simplicity  and  accuracy  of  the  above  process,  we  think 
that  it  may  be  applied  to  the  analysis  of  other  compounds  of  chlo- 
rine and  oxygen. 

We  have  endeavoured  to  decide  the  question  as  to  Avhether  this 
substance  possessed  acid  properties  or  not,  but  could  not  do  so,  as 
by  this  method  of  preparation,  the  hypochloric  acid  is  accompanied 
by  a  large  quantity  of  carbonic  acid,  which  interferes  with  any 
attempt  to  combine  it  with  bases. 

The  powerful  oxidizing  action  of  this  gas,  containing  as  it  does 
both  chlorine  and  oxygen,  will  probably  render  it  a  valuable  agent 
in  organic  chemistry,  now  that  it  can  be  easily  prepared. 

We  have  also  been  examining  the  compound  of  chlorine  which 
is  formed  in  making  oxygen  from  chlorate  of  potash  and  peroxide 
of  manganese,  and  find  that  it  is  probably  chlorous  acid,  CIO3. 
We  cannot,  however,  speak  positively  on  this  point,  owing  to  the 
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very  small  quantity  which  is  produced.  By  using  perfectly  pure 
materials  the  oxygeu  is  free  from  this  compound,  the  quantity 
of  which  increases  with  the  impurities  of  the  chlorate  of  potash  and 
peroxide  of  manganese,  especially  the  latter.  It  is  also  more 
abundant  when  the  oxygen  is  produce^,  rapidly.  The  white  fumes 
often  perceived  in  oxygen  rapidly  prepared  are  composed  of  vola- 
tilized chloride  of  potassium. 


XVIII.~Ow  the  Air  of  Towns* 
By  Dr.  R.  Angus  Smith. 

It  is  now  a  long  time  since  I  first  sent  a  short  paper  on  this 
subject  to  the  Chemical  Society,  showing  that  the  existence  of 
organic  matter  in  the  air  capable  of  decomposing  and  actually 
undergoing  decomposition  was  not  a  matter  of  theory  but  of  reality. 
At  a  later  time  I  was  able  to  confirm  the  fact,  but  a  mode  of 
readily  ascertaining  it  in  all  degrees  of  amount  has  always  been  a 
great  desideratum,  a  problem  for  pure  science  as  well  as  for 
science  in  its  relations  to  the  welfare  of  man;  this  latter  depart- 
ment is  one  which  will  always  be  most  interesting  to  the  greater 
number,  and  one  which  receives  a  constant  impulse  from  the 
great  amount  of  sickness  existing  in  the  world.  I  wish  now  to 
give  some  farther  particulars  of  the  principal  points  which  I  have 
been  able  to  ascertain.  One  or  two  of  these  have  been  subjects 
of  professional  inquiry,  i.e.,  made  to  serve  a  purpose  connected 
with  the  interests  of  individuals  or  corporations  or  the  demands 
of  the  law,  but  the  greater  portion  and  that  of  most  impor- 
tance has  been  gradually  accumulated;  and  whilst  making  this 
observation  I  think  it  well  to  add  that  it  seems  to  me  a  most 
unfortunate  oversight  that  whilst  laws  have  been  made  with  re- 
lation to  the  impurity  of  the  atmosphere  arising  from  many  causes, 
neither  those  who  made  the  laws  nor  those  who  administer  them 
have  ever  taken  pains  to  find  out  what  it  really  was  against  which 
they  combated,  and  what  crime  that  was  which  they  have  been 
so   anxious  to  punish.     Ths  same  carelessness  has  been  observ- 

"  This  was  written  in  such  a  manner  as  to  enable  me  to  compress  the  material  into 
the  usual  size  of  a  lecture ;  it  will  be  found  thrtt  many  parts  appear  more  like  notes  or 
fragments.  On  the  more  important  points,  such  as  the  estimation  of  organic  matter, 
it  will  be  necessary  to  give  a  second  paper,  for  which  there  is  already  material  col- 
lected. 
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able  orx  the  side  of  those  towards  whom  the  law  acted,  and  de- 
cisions have  in  reality  been  in  the  hands  of  those  whose  fancy 
or  caprice  have  led  them  to  take  advantage  of  legal  enactments ; 
whilst  great  offenders  have  frequently  escaped  because  no  one  has 
known  the  points  on  which  they  could  be  most  easily  assailed. 
The  impurities  of  an  atmosphere  have  been  rudely  guessed  at  and 
the  actual  sources  have  been  found  only  in  a  general  manner; 
when  particular  cases  have  demanded  attention,  there  has  been 
great  difficulty  in  arriving  at  well  defined  conclusions.  As  to 
any  attempt  to  measure  the  degree  of  impurity  in  the  air,  none 
has  been  made  to  my  knowledge,  unless  we  take  that  gauge  to  be 
the  true  one  which,  in  the  registrar-general's  returns,  presents  us 
with  a  result  where  each  percentage  stands  for  nearly  300,000 
human  lives. 

If  science  can  define  precisely  the  extent  of  the  evils  which  so 
affect  human  life,  it  may  at  a  second  stage  also  attain  the  impor- 
tant desideratum  of  a  cure,  and  at  any  rate  any  inquiry  of  the 
kind  must  be  of  interest  to  all,  but  especially  so  to  the  medical 
and  chemical  professions. 

In  studying  the  air  of  towns  in  which  coals  are  burnt,  no  place 
can  give  such  an  opportunity  as  jNIanchester,  being  the  largest 
manufacturing  town  of  the  world,  and  itself  being  the  centre  of  a 
great  manufacturing  district.  Geographically,  it  is  not  the  centre, 
being  near  the  outskirts  of  the  district  on  the  south-  west  side, 
whilst  on  every  other  side  manufactures  extend  for,  perhaps,  on  an 
average  thirty  miles.  They  extend  from  the  south  and  south- 
east on  the  borders  of  Cheshire  and  Derbyshire  onwards  to  Pres- 
ton on  the  north,  Liverpool  on  the  west,  and  into  Yorkshire  on 
the  east ;  and  within  this  district  are  large  towns,  little  known  to 
fame,  but  containing  a  great  working  population,  having,  besides 
wealth,  both  intelligence  and  force.  In  this  district,  compre- 
hending many  hundred  square  miles,  there  is  every  variety  of 
scenery,  but  I  believe  every  portion  of  it  may  be  shown  to  be 
influenced  by  the  smoke  of  the  workshops.  Tiie  tinge  of  darkness 
in  the  atmosphere  may  be  seen  making  a  line  of  at  least  forty  miles 
in  length,  and  affecting  the  appearance  of  the  sky  and  the  land- 
scape. At  the  same  time,  it  is  marvellous  how  rapidly  nature 
asserts  her  superiority  in  all  this  accumulation  made  by  art.  The 
moment  we  leave  a  town  we  see  every  thing  greener  and  fresher, 
and  the  people  larger,  broader,  happier  and  cleaner ;  and  so  much 
so  is  this  the  case,  that  in  the  great  district  of  which  I  have  spoken. 
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there  is  no  doubt  in  the  minds  of  those  who  are  only  a  little  removed 
from  towns,  that  they  are  breathing  the  purest  air.  Nor  is  it  without 
difficulty  that  we  can  perceive  that  the  towns  to  some  extent  affect  the 
whole  district.  The  eye  becomes  accustomed  to  the  stunted  trees 
and  the  many  withered  branches,  and  broken-up  hedge-rows; 
nor  is  it  customary  to  look  at  the  state  of  the  individual  leaves  to 
enquire  how  far  degeneracy  has  advanced.  The  eye  is  sufficiently 
pleased  to  see  the  general  aspect  of  pure  green  which  refreshes  us 
in  every  portion  of  the  district,  for  the  meadows  in  spring  and 
summer  seldom  seem  to  suffer,  but  rather  to  be  improved,  partly  by 
direct  and  partly  by  indirect  assistance  from  the  towns. 

In  some  places,  however,  the  destruction  may  be  called  total, 
the  trees  that  exist  being  either  absolutely  dead  or  only  capable 
of  showing  a  very  feeble  life ;  and  this  it  seems  to  me  is  very  much 
the  case  in  proportion  to  their  height,  although  certain  of  them, 
such  as  the  poplar,  even  if  less  tall,  suffer  on  account  of  a  greater 
delicacy.  The  smoke  may  either  rise  or  fall  or  move  horizontally. 
It  rises  when  the  barometer  is  high,  the  air  dry,  and  the  sky 
clear,  at  which  time  we  perceive  very  little  of  the  effects  on  the 
ground ;  it  falls  when  the  clouds  are  low,  or  the  air  laden  with 
moisture;  then  the  whole  district  is  equally  enveloped  in  the  haze. 
In  general  there  is  a  movement  of  the  air  and  a  motion  of  the 
smoke  in  a  direction  more  or  less  horizontal,  from  the  top  of  the 
chimney.  By  this  means  the  highest  objects  are  first  attacked 
and  the  trees  decay  from  the  summit  or  from  the  upper  part  of 
that  side  exposed  to  the  current.  They  resist  the  enemy  for  many 
years,  keeping  for  a  long  time  at  least  one  side  fresh ;  even  the 
owners  do  not  for  years  perceive  that  the  district  is  gradually 
becoming  unfit  for  plants  of  great  height,  but  as  they  lose  some 
favourite  flower  or  shrub,  they  pitch  on  some  person  most  easily 
attacked  and  blame  him  for  all  the  mischief. 

About  St.  Helens  there  are  many  miles  of  trees  broken, 
stunted,  and  rotten,  and  between  all  the  towns  of  Lancashire, 
according  to  the  prevailing  sweep  of  the  wind,  there  are  lines  of 
dead  hedges.  Yet  the  young  shrubs  grow  up  without  fear  as  fresh 
and  beautiful  as  anywhere,  and  all  faith  in  their  prosperity  not 
being  lost,  there  fortunately  are  still  found  persons  who  plant 
them.  Absolute  destruction  is  caused  only  by  the  direct  action 
of  the  smoke,  but  a  general  weakness  may  be  seen  extending 
far  l)eyond  this,  resulting  in  a  less  capacity  of  resisting  the  attacks 
of  external  iullueuces. 
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As  to  the  effect  on  the  inhabitants,  the  question  becomes  ex- 
ceedingly complicated,  but  the  registrar-general's  returns  are  an 
unanswerable  reply  as  to  the  result  of  the  total  influences  of  the 
district.  Few  people  seem  clearly  to  picture  to  themselves  the 
meaning  of  a  decimal  place  in  the  percentage  of  death,  and  few 
clearly  see  that  there  are  districts  of  England  where  the  deaths  at 
least  in  some  years,  and  when  no  recognised  epidemic  occurs,  are 
three  times  greater  than  in  others.  When  we  hear  of  the  annual 
deaths  in  some  districts  being  3"4  per  cent.,  and  in  the  whole  of 
England  2*2,  it  is  simply  that  34  die  instead  of  22,  whilst 
even  that  is  too  slightly  stated,  as  the  whole  of  England  would 
show  a  lower  death-rate  if  the  towns  were  not  used  to  swell  it. 

One  of  the  conditions  of  health,  and  a  most  important,  if  not 
the  most  important  of  all,  is  to  be  found  in  the  state  of  the 
atmosphere. 

Combustion  of  the  Carbon. 

According  to  the  best  founded  data,  there  are  burnt  in  the 
course  of  a  year  in  Manchester  two  million  tons  of  coals.  Now, 
supposing  the  district  in  which  it  is  burnt  to  be  4  miles  square 
or  16  square  miles,  and  the  height  of  atmosphere  which  is  used  by 
the  inhabitants  to  be  GO  feet,  and  the  amount  of  carbon  in  the  coal 
to  be  75  per  cent.,  we  have  introduced  into  this  region  in  the  course 
of  a  day  15,066  tons  of  carbonic  acid  or  1'6499  per  cent,  of  the 
air.  Now,  it  may  be  said  that  the  region  is  not  correctly  laid  out; 
that  16  miles  is  too  extensive,  and  60  feet  is  not  suflBciently  high. 
In  fine  weather  I  believe  that  the  atmosphere  is  influenced  by  the 
smoke  at  least  to  the  height  of  600  feet.  If  that  extent  were 
taken,  we  should  find  the  amount  of  carbonic  acid  equal  to 
0"16499  of  the  air.  But  as  a  medium  will  probably  be  correct,  let 
us  say  300  feet  high,  and  the  amount  will  then  be  0"33  per  cent,  of 
carbonic  acid  throvrn  into  the  air. 

The  several  cases  will  stand  thus — 

On  a  space  of  square  miles,  60  feet  high,  there  is  an  amount 

of  carbonic  acid  from  coals      .  .  =      1*6499  per  cent. 

To  this  add  the  amount  already  in  the  air  '06 

Now,  supposing  400,000  inhabitants  give  out 

266  cubic  feet  of  respired  air  with  6  per  cent. 

of  carbonic  acid,  there  will  be  330  tons  or        '0362 


Total  carbonic  acid  .         .         =      1*7461 
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If  this  were  changed  ten  times  a  day,  the 
result  would  be,  at  any  given  period, 

CO  2  from  coal        .     0-16499 
CO2  from  breath    .     0-00362 

Usual  amount  of  CO2  in  the  air  .         .     006 


Total  at  a  given  time  ....     0-22861 

If  the  air  were  changed  twenty  times  a  day,  the  result  would 
be— 

CO2  from  coals    .         ,         .         ,         0'08248 
CO  2  from  expired  air  of  inhabitants         0-0018 
CO  2  of  the  atmosphere         .         .         0-06 


0-14428 


But  as  a  medium  state  is  common,  let  us  suppose  the  height  to 
be  300  feet,  changed  ten  times  a  day,  then  the  result  is — 

CO2  from  coals     ....         0-033 
CO2  of  expired  air         .         .         .         0-00072 
CO 2  of  the  atmosphere        .         .         0-06 


0-0937 


The  average  speed  of  the  air  at  Liverpool  is  equal  to  12-63 
miles  per  hour  by  the  observations  of  Mr.  Hartnup,  F.R.A..S., 
of  the  observatory  there ;  let  us  say  twelve  miles  at  Manchester. 
It  would  sweep  over  the  four  miles  three  times  an  hour  or  thirty- 
six  times  in  twelve  hours. 

This  would  give,  with  the  height  of  300  feet — 

CO2  from  coals  ....  00091 
CO2  from  expired  air  .  .  .  0-0002 
Usual  amount         ....         0-06 


0-0692 


So  that  states  of  the  atmosphere  occur  when  the  amount  is  very 
small  when  put  into  figures.  Allowing  the  air  outside  the  town  to 
have  003  of  carbonic  acid,  which  is  rather  above  the  amount  found 
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on  the  sea-shore  and  the  hills^  and  allowing  the  conditions  in  other 
respects  to  be  the  same  as  the  last-mentioned^  we  have — 

CO2  from  coals  ....  0-0091 
CO2  from  expired  air  .  .  .  '0002 
Natural  COo '0300 


•0393 


This  is  less  than  the  amount  which  I  have  at  any  time  found, 
but  may  probably  be  taken  as  the  extreme  limit. 

When  we  examine  the  subject  in  this  manner,  we  perceive  how 
small  is  the  actual  amount  of  effect  which  the  accumulated  efforts 
of  art  can  produce  on  nature,  and  we  are  inclined  to  look  on  the 
result  as  not  to  be  regarded.  Rejjeated  observations  of  various 
chemists  have  until  lately  pronounced  the  air  of  towns  to  be  equal 
as  far  as  composition  is  concerned,  to  that  of  the  air  most  distant  from 
human  habitations.  The  experience  of  mankind  has  been  against 
this,  but  it  has  been  believed  that  science  was  unable  to  o1:)tain  a 
method  of  observation  which  could  equal  the  test  of  the  human 
lungs,  or  still  more  of  the  continued  action  of  the  lungs  during 
the  whole  length  of  even  a  shortened  life.  These  calculations 
agree  so  far  with  the  results  obtained  that  I  am  disposed  to  think 
that  each  is  nearly  true  in  its  turn,  and  that  times  do  occur  when 
the  percentage  of  carbonic  acid  is  as  high  as  in  the  first  supposi- 
tion. Such  periods,  however,  are  of  brief  duration,  or  have  at 
least  not  occurred  lately  for  more  than  a  day  at  a  particular  place. 
When  the  carbonic  acid  was  estimated  by  passing  the  air  through  a 
potash  bull)  apparatus  very  slowly  for  a  whole  day,  a  similar 
variety  of  results  was  obtained,  but  in  equal  weather  and  equal 
wind  the  results  were  very  uniform.  During  the  time  the  following 
experiments  were  being  made,  the  weather  was  remarkably  open  and 
fine,  and  the  results  were  lower  than  what  I  have  sometimes  calcu- 
lated for  the  air  outside  the  town.*  When  there  is  much  wind 
blowing,  they  average  from  0'045  to  0*08  per  cent. ;  when  less, 
they  average  from  010  to  0*12;  making,  the  amount  of  carbonic 
acid  decidedly  different  from  the  amount  in  the  country.  It  still 
remains  a  question  w'hether  the  amount  is  capable  of  affecting 
human  life,  and  if  the  effect  of  the  town  atmosphere  on  health 
be  not  wholly  attributable  to  other  causes ;  I  still  believe  that  the 
carbonic  acid  is  by  no  means  the  most  important  cause. 

*  I  ought  to  have  made  simultaneous  determiuatious  of  the  uir  inside  and  outdide  the 
town.     1  hope  to  do  so. 
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The  carbonic  acid  was  first  determined  by  absorption  with  potash. 
The  air  was  previously  passed  through  sulphuric  acid  and  chloride 
of  calcium  by  an  aspirator.  The  experiments  were  made  at  the 
Literary  and  Philosophical  Society,  George  Street,  Manchester. 


No.  1. 


February  25. 


Total  weight  after  experiment 
„  „       before 

Difference 


Grs. 

1906-50 
1901-64 

4-86 


14-63  cubic  feet  of  air  used.     CO2  =  0-04095  per  cent. 


No.  2. 


March  16,  1853. 

Grs. 

After  experiment. 
Grs. 

Potash  bulbs,  first 

335-280 

324-200 

„          „       second 

482-030 

479000 

Chloride  of  calcium  and  tube    . 

865-555 

879-100 

Sulphuric  acid  apparatus  . 

Total  weight  after  experiment 
„       before         „ 

805-080 

810-650 
2492-950 
2488-665 

Difference         .         .  4-285 

9-2  cubic  feet  of  air  used.     CO2  =  0-0573  per  cent. 


No.  3. 


Marcli  18. 


Grs. 

Grs. 

Potash  bulbs,  first    . 

, 

537-760 

489-100 

„           „       second 

, 

413-220 

452-60 

Chloride  of  calcium  tube 

. 

875-00 

895-90 

Sulphuric  acid  apparatus . 

eriment 

819-79 

2647 

-62 

830-02 

Total  weight  after  exp 

. 

„         „       before 

)) 

• 

2645-77 

Difference  .         .  1-85 

5  cubic  feet  of  air  used  CO.,  =  0-0155  per  cent. 


SMITH,    ON   THE    AIR    OF    TOWNS.  203 

No.  4. 

March  19. 


Potash  bulbs,  first 

„           „        second 
Chloride  of  calcium  tube    . 
Sulphuric  acid  apparatus  . 

eriment 

Grs. 
443-00 
49000 
873-84 
829-66 

2642 
2636 

•27 
50 

Grs. 
440-90 
489-60 
880-04 
831-73 

Total  weight  after  exp 
„         „       before 

. 

Difference         .         .  5  77 

4-6  cubic  feet  of  air  used.     CO.2  =  0-1544  per  cent. 

No.  5. 

March  20. 


Grs. 

Grs. 

Potash  bulbs,  first     . 

440-90 

440-75 

„           ,,       second 

489-60 

489-77 

Chloride  of  calcium  tube    . 

877-63 

879-60 

Sulphuric  acid  apparatus  . 

829-66 

830-72 

Total  Aveight  after  experiment         .  2640-84 

„       before        „  .  2637-79 


Difference         .         .  3  05 

6-91  cubic,  feet  of  air  used.     CO2  =  0-0544  per  cent. 

No.  6. 

March  22. 


Potash  bulbs,  first     . 
second 
Chloride  of  calcium  tube  . 
Sulphuric  acid  apparatus  . 

Total  weight  after  experiment 
before         ,, 


Difference  .         .  5-22 

5-38  cubic  feet  of  air  used.     CO^  =  0-1195  per  cent. 


Grs. 

Grs. 

439-70 

440-75 

474-90 

489-77 

886-00 

873-67 

830-80 

2636-62 

832-43 

• 

2631-40 
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No.  7. 

March  23,  1858. 

After  exiier'iment. 

Grs. 

Grs. 

Potash  bulbs^  first     . 

417-575 

413-070 

„         „         second 

393-560 

393-342 

Chloride  of  calcium  tube  . 

874-050 

876-005 

Sulphuric  acid  apparatus 

809-200 

24£ 

814-290 

Total  weight  after  experiment 

. 

)6-707 

„         „       before         „ 

2494-385 

Difference 

2-322 

2*256  cubic  feet  of  air  used.     CO2  • 

=  00973 

per 

•  cent. 

No.  8. 

March  24. 

Grs. 

Grs. 

Potash  bulbs^  first   . 

393-342 

392-950 

„          „       second 

413000 

412-450 

Chloride  of  calcium  tube          » 

876-005 

876-442 

Sulphuric  acid  apparatus 

814-150 

817-012 

Total  weight  after  experiment 
before         „ 


>)         }) 


2498-854 
2496-497 


Difference 


2-98  cubic  feet  of  air  used.     CO.^  = 


2-357 

0-0972  per  cent. 


No.  9. 


March  26. 


Potash  bulbs^  first    . 
„         „        second 
Chloride  of  calcium  tube 
Sulphuric  acid  apparatus 

Total  weight  after  experiment 
„         ,,         before       „ 


Grs. 
442-57 
501-28 
875-78 
487-56 


Grs. 
462-57 
472-40 
875-37 
499-00 


2309-34 
2307-19 


Difference 


4-6  cubic  feet  of  air  used.     CO2  ■= 


2-15 
0-0575  per  cent. 
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No.  10. 


March  27. 


Total  weight  after  experiment 
„         „       before 


Grs. 
23 11 -42 
2309-34 


Diiference  .         .  2-08 

3-83  cubic  feet  of  air  used.     CO2  =  0-06G8  per  cent. 

By  these  experiments  we  have — 

No. 


1 

0-0409  per  cent.  CO2 

2 

0-0573 

3 

0-0455 

4 

01544 

5 

0-0544 

6 

0-1195 

7 

0-0973 

8       . 

0-0972 

9 

0 

0-0575 
0-06G8 

Average  of  carbonic  acid     =     0-07908 

The  amount  of  carbonic  acid  obtained  on  tlie  hills  near  Preston 
was  0-022  per  cent.,  and  another  time  at  Blackpool  0-03.  If  this 
were  the  mean  of  the  air  supplied  to  Manchester,  the  increase  by- 
smoke  and  other  substances  would  be  0-049  in  the  centre  of  the 
town.  I  have  not  ascertained  its  average  condition  when  it  enters 
Manchester.  0-049  will  represent  the  causes  operating  over  all 
the  county.  High  winds  and  stormy  weather  diminish  the  car- 
bonic acid  very  much. 

The  next  peculiarity  in  the  air  to  which  I  will  call  attention,  is 
the  sulphurous  and  sulphuric  acids,  and  to  judge  of  this,  I  have 
here  given  analyses  of  various  coals  used  in  Manchester. 


The  Sulphui'. 

The  table  gives  the  analyses  of  71  specimens,  some  of  which 
have  amounts  of  sulphur  as  high  as  5  and  even  6  per  cent.  •  but 
leaving  out  these,  we  have  from  66  specimens  of  coals  used  in 
Manchester,    an    average   of  above    1   per   cent,    of  sulphur;     or 
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let  US  say^  1  per  cent,  as  tlie  lowest  amount  we  can  be  allowed  to 
assume.  If  we  take  1  per  cent,  as  tlie  average  amount,  we  have 
54-79  tons  of  sulpliur  burnt  daily,  producing  167-8  tons  of  sul- 
phuric acid.  This  would  give  in  the  assumed  space  of  16  miles  a 
grain  of  sulphuric  acid  to  101*72  cubic  feet  or  1  in  54,455  grains, 
or  0-0018367  per  cent,  by  weight:  by  volume  it  would  appear 
much  less. 


Amount  of  sulphur  in  coals  used  in  Manchester. 


Su 

1.  A  mixture  of  equal  parts  of  32  specimens 
of  coal  gave  an  average  of  sulphur  = 

2.  Average  in  a  mixture  of  coal  used  by  17 

iphur  per  cent. 
1-4208  .. 

=  SO3HO 
4-3509 

of  the  largest  consumers 

. 

1-1512  .. 

3-5255 

3.  Averasre  of  another  mixture  of  9  coals 
4 

2-3188  .. 
0-502     . . 

7-1957 
1-5374 

5. 

2-399     . . 

7-3487 

6. 

2-224     . . 

6-811 

7. 

4-965     . . 

15-2071 

8. 

2-034     . . 

6-2303 

9. 

2-951     .. 

9038 

10. 

1-008     .. 

3-087 

11. 

6-197     . . 

18-9789 

12. 

5-308     . . 

16-258 

13. 

2158     .. 

6-610 

14. 

0-602     . . 

1-8462 

15. 

1-227     . . 

3-7583 

16. 

0-508     . . 

1-5557 

Average  of  71  spec 
Average  of  64   sp 
being  removed 

imens 
ecimens. 

the    7    high 

est 

1-665     .. 
1-43       . . 

5-099 
4-37 

1  per  ce 

nt  giA 

'CS  of 

sulphur 

= 

3-0625 

Sulphur-acids  in  the  air. 

In  order  to  obtain  the  amount  of  sulphurous  and  sulphuric  acids, 
I  passed  the  air  through  acetate  of  lead.  The  mode  of  experi- 
menting here  also  was  to  draw  the  air  slowly  through  the  solution, 
taking  care  to  have  a  sufficient  number  of  bulbs.  Two  of  Liebig's 
potash  apparatus  were  quite  enough,  the  last  bulbs  having  no 
deposit.      The  water  drawn  off  by  the  aspirator  was  measured- 
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128-8  cubic  feet  of  air  gave,  Avith  acetate  of  lead,  a  precipitate  of 
sulphate  of  lead  .  .  .  .      =    0-2 

60  cubic  feet  gave        .  .  .  0-095 

The  first  is  equal  to  1  graiu  of  sulphuric  acid  SO3HO  in  2000 
cubic  feet. 

The  second  is  equal  to  1-076  grains  in  2000  feet. 

This  by  weight  is  0-0000931  per  cent.,  or  say  0-0001  per  cent. 

These  experiments  were  made  whilst  the  air  was  dry,  or  at 
least  whilst  there  was  no  rain ;  the  passage  of  the  air  through  the 
lead  solution  being  always  interrupted  during  wet  weather.  An 
experiment  lasted  generally  for  about  two  months. 

The  above  were  made  at  my  laboratory  at  All  Saints,  in  a 
situation  where  an  average  of  the  four  miles  of  district  might 
be  expected. 

Others  in  the  centre  of  the  town  at  the  Literary  and  Philoso- 
phical Society  gave — 

1st.     0-0012  per  cent,  of  SO,  110 
2nd.    0-0017  „ 

The  first  of  these  determinations  was  made  whilst  the  weather  was 
rather  moist,  and  the  acid  wovild  probably  fall,  whilst  a  moist  atmo- 
sphere, with  as  much  acid  as  it  could  obtain,  would  pass  into  the 
solution.  The  second  is  very  little  below  the  calculated  amount. 
The  amounts  differ  considerably,  but  the  smell  has  long  ago  decided 
on  the  fact  of  a  great  variation  in  the  amount.  One  is  surprised 
after  all  at  the  minuteness  of  these  figures. 

At  the  same  time,  the  amount  calculated  is,  in  my  belief,  much 
too  high,  for  an  average ;  and  there  is  another  method  by  which 
we  may  find  an  explanation  of  the  fact  that  a  smaller  amount  is 
obtained  by  experiment. 

On  examining  some  smoke  from  chimneys,  I  found  that  in  100 
cubic  feet  (reduced  to  65°  F.),  there  were — 


S'.ilphur 
in  grains. 

so  2 

SO3 

SO3HO 

1. 

813 

= 

16-26 

= 

20-325 

:= 

24-05 

2. 

11-925 

= 

23-850 

= 

29-812 

= 

36-522 

3. 

2-666 

= 

5-322 

— • 

6-653 

= 

8-150 

4. 

2-635 

= 

5-271 

= 

6-529 

= 

8-072 

Average    6-328       =       12-651        =        15-829       =        19-1986 
These  I  consider   examples  of  the   amount   of  sulphur   from 
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cluraneys  giving  out  a  large  amount  of  sulphur,  and  others  giving 
a  comparatively  small  amount.  As  the  amount  of  carbonic  acid 
was  not  under  4  per  cent.,  it  is  clear  that  all  the  sulphur  actually 
in  the  coal  is  not  made  apparent  in  the  smoke  by  this  mode  of 
burning.  Mr.  Spence,  of  Manchester,  first  called  attention  to  the 
probability  that  the  amount  of  sulphur-acids  would  greatly  in- 
crease if  the  smoke  were  thoroughly  burnt,  believing  that  the 
sulphur  is  driven  off  at  present  uncombined  in  company  with  the 
carbon.  In  the  few  specimens  of  soot  which  I  have  examined,  I 
have  not  found  free  sulphur.  Sulphuretted  hydrogen  is  rare,  and 
cannot  account  for  the  absence  of  sulphurous  acid,  and  sulphuret 
of  carbon,  which  is  produced  by  the  distillation  of  coal,  may  be 
the  chief  mode  by  which  sulphur  is  removed,  as  Dr.  Bernays  sug- 
gested to  me.  Although  then  it  seems  to  be  shown  that  a  great 
portion,  if  not  all,  of  the  coal  used  is  burnt  in  such  a  way  as  not 
to  give  its  maximum  of  sulphur-acids,  it  is  also  <rue  that  from 
other  circumstances,  certain  districts  receive  even  more  than 
their  average  into  the  atmosphere.  I  am  ready  to  believe,  then, 
that  the  evils  arising  from  sulphur-acids  in  the  air  are  somewhat 
diminished  by  the  wasteful  and  offensive  method  of  burning  coals 
now  practised ;  but  the  diminution  is  not  sufficient  to  be  looked 
on  as  a  cure,  and  it  may  be  even  questioned  whether  the  black 
carbon  sent  into  the  atmosphere  does  not  produce  worse  results. 
I  have  spoken  chiefly  of  sulphuric  acid  as  the  medium  of  removing 
the  sulphur,  and  I  am  disposed  to  view  it  as  the  chief  if  not  the 
only  final  product.  I  have  always  obtained  the  sulphur  in  that 
state;  it  seems  to  be  rapidly  oxidized  when  mixed  with  large 
volumes  of  air.  At  the  same  time  it  is  well  known  that  sulphurous 
acid  is  the  form  in  which,  to  a  large  extent,  the  sulphur  is  removed 
by  the  chimneys,  and  that  for  a  time  it  exists  as  such  in  the  air. 
It  requires  no  more  than  the  ordinary  senses  to  decide  this  ques- 
tion. The  mode  of  oxidizing  the  sulphurous  acid  may  be  simply 
by  the  immense  excess  of  oxygen  supplied,  but  it  may  also  be 
oxidized  by  the  ozone  of  the  atmosphere.  In  doing  this,  the  ozone 
itself  would  be  destroyed.  This  could  be  done  by  an  amount  equal 
to  8  of  ozone  for  49  of  sulphuric  acid,  or  say  -^,  an  amount  suffi- 
ciently small  to  be  readily  supplied. 

Ozone. 

As   to   ozone,   repeated  attempts    have    failed  to    discover  any 
indication  near  my  laboratory  and  in  one  or  two  other  parts  of  the 
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town.  At  the  distance  of  nearly  one  mile,  I  found  distinct  indica- 
tions in  about  two  hours^  at  tlie  sea-side  (Blackpool)  in  less  than 
half  an  hour,  and  even  on  the  paper  left  on  my  bedroom  table  at  that 
place  during  the  night.  This  remarkable  substance  furnishes  a 
sufficient  proof  of  a  distinct  difference  in  the  quality  of  the  atmo- 
sphere in  these  places;  its  absence  alone  would  completely  destroy  all 
attempts  to  prove  that  the  air  is  not  perceptibly  altered  by  towns. 
At  Roclidale,  when  the  east  wind  was  blowing  from  the  hills, 
there  were  indications  of  ozone  in  a  short  time,  or  in  less  than  an 
hour.  At  the  same  place,  when  the  wind  was  blowing  from  the 
town  and  from  the  great  manufacturing  district  west  of  it,  no 
indications  were  perceived. 

Acidity. 

In  pure  air  at  the  sea-side  (Blackpool)  litmus  paper  was  made 
slightly  less  alkaline  by  exposure  for  a  whole  night  during  a  sea- 
breeze.     In  other  words,  the  blue  colour  was  somewhat  diminished. 

In  Manchester,  blue  litmus  paper  becomes  red  in  half  an  hour 
at  most,  sometimes  in  ten  minutes. 

In  my  earlier  papers  on  the  rain,  I  mentioned  that  I  frequently 
found  alkaline  rain.  I  did  not  at  that  time  try  the  experiments 
so  far  in  the  town ;  my  present  laboratory  is  only  a  few  hun- 
dred feet  nearer  the  chimneys,  but  I  see  the  effect  distinctly. 
Polished  brass  apparatus  does  not  keep  so  well,  and  the  rain  is 
always  acid ;  of  late  years  I  have  found  no  alkaline  rain  in  any 
portion  of  what  is  actually  the  town.  The  amount  of  acidity  is  such 
as  to  colour  blue  litmus  at  once ;  one  drop  falling  on  the  litmus 
at  once  reddens  it.  One  may,  by  this  very  simple  means,  obtain  a 
very  clear  idea  of  the  extent  to  which  the  air  is  deteriorated  by 
smoke  from  coals  containing  much  svdphur. 

The  acidity  of  the  rain  in  various  districts  of  Manchester  was 
measured  for  an  object  to  which  I  was  led  in  the  course  of  my 
profession.  An  alkalimeter  was  used,  and  a  solution  of  alkali 
containing  one  grain  of  carbonate  of  soda  to  1000  grains  of 
water.  1000  grains  by  measure  of  the  water  to  be  tested 
were  used ;  it  was  boiled  in  a  flask  during  the  process  of  testing, 
and  mixed  with  a  solution  of  litmus,  previously  taking  care  to  ascer- 
tain how  much  acid  was  required  to  acidify  or  redden  the 
amount  of  litmus  used,  so  as  to  subtract  it  from  the  number 
obtained.     It  is  generally  better  that  experiments  to  be  compared 

VOL.  xr.  P 


210 


SMITH,    ON   THE   AIR   OP    TOWNS. 


should  be  done  by  the  same  persou,  as  the  eye  gets  accustomed  to 
its  own  peculiar  method  of  judging  of  shades,  and  arrives  at  the 
results  with  wonderful  constancy. 

Pendleton,  N.W.  district  of  Manchester. 
Wind  blowing  to  the  town,  1000  grs. 


of  rain  water  rendered  acid  by 

6  of  the  alkaline  sol. 

Not  directly  from  the  town 

16 

}} 

Wind  touching  the  outskirts  of  the 

town     ...... 

17 

From  town        ..... 

36 

From  country  ..... 

0 

At  All  Saints'  Church       . 

21 

})                >)                  ... 

38 

For  a  short  time     . 

140 

Then  fell  to    . 

40 

Next  to          .... 

40 

And  lastly      .... 

16 

Ancoats. 

1000  grs.  of  rain  saturated  by 

44  of  alkaline  sol. 

})                             )} 

20 

)} 

}}                                        a 

57 

}) 

Average  40 

The  rain  in  these  cases  was  collected  in  porcelain  vessels.  In 
the  following  it  was  merely  taken  out  of  stone-cisterns,  which  the 
inhabitants  generally  use  for  collecting  water  from  the  roofs  of  the 
houses.  It  will  be  seen  that  the  results  are  similar.  The  weather 
being  wet  and  the  water  frequently  drawn  off,  there  was  little  time 
for  evaporation. 

Water  from  cisterns  in  Pendleton. 

No.  1.   1000  grs.  of  rain 
water  requ 

'^-  }>  >} 

3.         ,>  }} 


6  of  alk 

.  sol. 

No.O.  . 

.    64  of  alk.  sol. 

5      „ 

/  .     . 

.    46 

}} 

6      „ 

8.  . 

.    40 

>) 

10      „ 

9.  . 

.    12 

}} 

38      „ 

10.  . 

.    14 

■>) 

Averac 
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Going  over  a  part  less  built  upon,  the  variations  were  according 
as  chimneys  were  met  with  on  the  way  or  otherwise. 


No.  1.  1000  grs.  of  rain 

water  required  21  of  alk.  sol.     No.  5 


2. 
3. 

4. 


97 


5.  . 

0  of  alk.  sol. 

6.  . 

.    39 

jj 

7.  . 

.      0 

3> 

8.  . 

.    15 

J) 

9.  . 

.    28 

}) 

Average  17 
Lower  Broughton. 


No.  1 .  1000  grs.  of  rain 


2. 
3. 

4. 


No.  1.   1000  grs.  of  rain 
water  required 
2.  „         „ 

3-  „         ,, 

4-  ,)  ,) 

5-  }}  }} 

7 


8  of  alk.  sol. 

No.  5.  . 

.    21  of  alk.  sol 

33      „ 

6.  . 

.    23        „ 

26       „ 

7.  . 

.    29        ,, 

12 

Average  21 

Hulme. 

31  of  alk.  sol. 

No.  8.  . 

.    29  of  alk.  sol 

26       „ 

9.  . 

.    36        „ 

32       ,, 

10.  . 

.    28        „ 

31       „ 

11.  . 

.    47        „ 

49       „ 

12.  . 

.    34        „ 

27       „ 

13.  . 

.    41        „ 

33       „ 

Average  34 

Salford. 

No.  1.   1000  grs.  of  rain 

water  required  10  of  alk.  sol.    No.  8. 


2. 
3. 

4. 
5. 
6. 

7. 


6  ., 

50  „ 
0  „ 

51  „ 

26       „ 
Average  21 


9. 
10. 
11. 
12. 
13. 
14. 


21  of  alk.  sol. 

22  „ 
28  „ 
20  ,, 

22  „ 

23  ,, 
10 


p  2 
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Ardwick. 

No.  1 .   1000  grs.  of  rain 

water  required  24ofalk.sol.    No.  3.  ..    24  of  alk.  sol. 
2.  „         „  40       „  4.  . .    45        „ 

Average  33 

Ancoats,  containing  numerous  mills  and  inhabited  by  a  working 
population  only. 

No.  1 .  1000  grs.  of  rain 

water  required  41  of  alk.  sol.    No.  5.  . .    24  of  alk.  sol. 

2.  „         „         28       „  6.  ...  28        ,, 

3.  „         „         GO       „  7.  ..    68        „ 

4.  ,,         „         40 

Average  41 

The  average  number  is  28*5  for  the  Avliole. 

Over  16  miles  and  with  a  rainfall  of  three  feet  deep  we  have  971, 
or  say  1000  tons  of  sulphuric  acid  falling  in  rain  during  the  year. 
As  we  had  over  this  space  burnt  sulphur  equal  to  1  per  cent,  on 
the  coal,  it  would  give  an  amount  equal  to  61,245  tons  of  sulphuric 
acid  in  a  year.  The  rain  therefore  returns  only  1-588  per  cent,  of 
the  quantity  produced.  But  let  us  suppose  that  it  rains  one- 
sixth  of  the  year,  that  time  will  receive  all  the  benefit  of  the 
purification,  equal  to  9  per  cent.,  and  certain  portions  still  more, 
according  to  the  amount  of  stagnation  of  the  air.  As  an  example, 
the  first  rain  falling  on  a  particidar  occasion  was  at  140,  but  soon 
fell  down  to  40  of  acidity;  and  during  a  violent  shower,  I  found 
the  carbonic  acid  of  the  air  to  be  only  0'056  per  cent.,  whilst  the 
rain  contained  7"23  cubic  inches  per  gallon. 

General  Impurities  in  the  Rain. 

The  rain  was  found  to  vary  a  good  deal  in  the  amount  of  its 
impurities.     The  following  gives  ihe  number  of  grains  per  gallon : — 

Rain  at  All  Saints     7000  grs.     inorganic  0*265  grs. 

Aug.  1857.     2000  organic  matter     0*25 

inorganic  0*1 

Ancoats  1000  grs.       organic  0*1 

inorganic  0*8 
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Pendleton  4000  grs.       organic  matter    0*19 

iuorffanic  0'14 


Rain  at  All  Saints  10,000  grs.      organic 

inorganic 

1-00 
The  inorganic  matter  consisted  of: 

Peroxide  of  iron  .         0*245 

Sulphate  of  lime  .         0-177 

and  rest  not  ascertained       .         0*238 

0-6G0 
The  inorganic  matter  is  chiefly  coal  ash.     The  organic   matter 
is  partly  products  of  the  distillation  of  coal. 

Mode  of  Estimating  Carbonic  Acid. 

When  examining  the  action  of  the  manganate  and  permanganate 
of  potash  on  sugar,  the  points  that  seemed  to  me  most  remarkable 
were,  first,  that  very  minute  quantities  of  carbonic  acid  converted 
the  green  into  the  red  acid ;  and  next,  that  very  minute  quantities 
of  organic  matter  entirely  destroyed  the  latter.  When  a  carbonate 
of  an  alkali  containing  more  than  an  equivalent  of  carbonic  acid  is 
added  to  the  manganate  of  potash  or  soda,  a  decomposition  ensues, 
and  it  is  at  once  rendered  red.  This  salt,  called  the  mineral 
chameleon,  has  long  been  remarkable  for  this  sudden  change  of 
colour.  When  poured  into  water,  apparently  and  really  pure  for 
all  ordinary  purposes,  its  appearance  is  entirely  changed,  and  it  is 
in  fact  decomposed.  But  it  will  be  found  that  water  has  only  a 
limited  power  of  changing  it,  and  this  power  depends  on  the 
amount  of  carbonic  acid  and  organic  matter.  If  these  be  removed 
or  if  they  be  destroyed  by  the  manganate,  an  additional  amount 
may  be  employed  without  any  change  whatever  taking  place. 
Forchammer,  in  fact,  proposed  to  use  permanganate  of  potash  as 
a  mode  of  estimating  organic  matter  in  water,  and  the  method 
has  been  less  adopted  than  it  deserves  to  be. 

It  occurred  to  me  to  use  this  susceptibility  to  carbonic  acid  as  a 
mode  of  estimating  its  amount.  When  the  manganate  of  potash 
is  dissolved  in  water,  enough  being  added  to  give  a  bluish  purple 
tinge,  the  solution  may  be  kept  in  well  stoppered  bottles  without 
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apparent  change  for  at  least  many  weeks ;  but  if  frequently  used  it 
will  not  keep  so  long  without  change.  The  greatest  care  must  be 
taken  Avhen  working  with  it  that  no  breath  should  blow  upon  it, 
and  that  no  foul  air  of  any  kind  should  approach  it.  If  it  is  to  be 
transferred  to  another  vessel^  that  vessel  must  previously  be  rinsed 
out  with  a  portion  of  the  manganate  solution,  as  any  water  which 
can  ordinarily  be  used  for  washing  a  bottle  will  destroy  some  of  the 
solution,  and  it  is  better  to  throw  that  decomposed  part  away  at 
once. 

A  standard  solution  of  carbonic  acid  was  made  by  filling  a  bottle 
with  hot  and  well  boiled  water,  and  when  cool,  adding  bicarbonate 
of  potash.  The  solution  first  made  contained  2'1227  grains  of  the 
salt  in  5500  grains  of  rain  water.  (The  bicarbonate  of  potash 
gave  by  analysis  44'98  per  cent,  of  carbonic  acid  by  the  common 
method  of  loss  of  weight).  This  solution  will  then  contain  0'48645 
grains  of  car])onic  acid  not  wanted  to  form  the  protocarbonate. 

A  solution  of  blue  manganate  was  then  made  very  dilute.  Of 
this  50  grains  were  reddened  by  the  bicarbonate  solution — 

1st  .  .  .     850  grains 

2nd  .  .  .     846 

3rd  .  .  .848 

As  each  grain  of  the  solution  is  equal  to  00000884  of  a  grain  of 
carbonic  acid,  I  look  on  these  immbcrs  as  identical.  It  would  be 
affectation,  but  no  greater  accuracy,  to  make  them  arrive  within 
one  grain  each  time. 

Having  obtained  constant  results  on  remarkably  minute  quan- 
tities, the  test  was  then  tried  with  gaseous  carbonic  acid ;  the 
results  of  these  trials  I  do  not  find  by  me  at  present,  but  they  were 
equally  minute  with  those  obtained  by  means  of  bicarbonate  of 
potash,  and  more  so  than  could  be  obtained  without  much  trouble 
by  the  ordinary  methods. 

It  was  believed  that  the  solution  coming  in  contact  with  the  acid 
of  the  atmosphere  would  cause  a  reddening  with  so  much  delicacy 
that  the  amount  of  carbonic  acid  might  be  estimated.  The  expe- 
riment was  made  in  a  bottle  of  known  capacity,  the  air  being 
extracted  by  pumping  it  out  from  the  bottom  and  so  allowing  a 
fresh  current  continually  to  enter.  It  is  safer  to  fill  it  by  extrac- 
tion than  by  forcing,  as  the  pump  is  apt  to  communicate  some 
modification  to  the  air. 

Another  solution  of  bicarbonate  of  potash  was  prepared  by  dis- 


CO, 

=  0-0981  p.  c 

CO, 

=  0-1012  „ 

CO, 

=  0-0955  „ 

CO, 

=  0-0899  „ 

CO, 

=  0-0927  „ 
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solving  21*227  grains  of  the  pure  crystals  in  5,500  of  prepared 
water.  Each  grain  would  contain  0-001802  cub.  in.  of  available 
carbonic  acid.  A  solution  of  manganate  of  potash  was  made,  73 
grains  of  which  were  reddened  by  100  grains  of  the  bicarbonate 
solution.  The  following  experiments  were  then  made  to  estimate 
the  amount  of  carbonic  acid  in  the  air  in  the  centre  of  Manchester. 

87  cub.  in.  of  air  decomposed  35  grs. 
87         „  „  36    „ 

87         „  „  34    „ 

87         „  „  32    „ 

87         „  „  33    „ 

In  a  closed  up  and  crowded  railway  carriage  0-3484 
These  are  my  earliest  results  and  seem  rather  high.  I  have 
nevertheless  retained  them;  since  that  time  there  being  a  good  deal 
of  high  wind  or  wet  weather,  no  such  amount  has  been  obtained, 
a-fld  a  few  days  ago  I  obtained  the  following  very  moderate 
results. 

May   17th,   a  'very  wet  day,   gave   with   another  solution,  the 

following  results  : — The  solution  used  had  the  following  strength : 

50    gr.  of  manganate    solution    --    140   of  the    KO.  2C0,    = 

0-01232  of  CO,  or  each  grain  of  manganate  equal  to  0-000601 

per  cent,  of  carbonic  acid  when  87  cubic  inches  were  operated  on. 

1.  87  grs.  of  manganate  =  0-0522  of  CO,  in  the  air. 

2.  91  „  „    0-0546 

3.  95 


4.  94 

5.  98 


0-0570 
00564 
0-0588 
0-0583 


6.  97 
Next  day  was  very  dry,  the  air  clear,  and  the  wind  high,  the 

amount  is  still  small.     The  experiments  were  not  made  together. 

7.  113  grs.  of  manganate    =     0*0679  CO2  in  the  air 

8.  156  „  „     0-0937 

9.  118  „  „     0-0709 
10.     118                 „                 „     0-0709 

On  a  very  wet  day  in  a  part  of  Manchester  where  a  great  deal 
of  carbonic  acid  might  otherwise  be  expected,  viz.,  Oldham-road: — 

11.  116  grs.  of  manganate  =    0-0717  CO.2  in  the  air 

12.  120  „  „     0-0721 

13.  110  „  „     00671 
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An  error  of  1  grain  by  measurement  makes  a  change  only  in 
the  3rd  or  4th  decimal  place^  so  that  it  becomes  inappreciable. 

Experiment  1 — 6  inclusive  were  at  my  laboratory,  the  wind  blow- 
ing towards  the  town;  from  7  to  13  at  the  other  side  of  the  town; 
the  wind  blowing  violently,  and  allowing  no  accumulation,  we  may 
conclude  that  the  air  of  ISIanchester  is  very  slightly  alFected  by 
carbonic  acid,  and  certainly  this  condition,  which  is  equal  to  a 
diminution  of  between  0-04  to  0-08  per  cent,  of  carbonic  acid  is 
very  decidedly  perceptible  on  the  health  and  spirits  :  violent  rain 
tends  still  further  to  remove  the  acid. 

This  mode  of  looking  for  carbonic  acid  of  course  makes  no  al- 
lowance for  the  other  acids,  but  gives  the  total  acidity.  The  other 
acids  may  be  ascertained  separately  and  subtracted.  The  amount  is 
too  minute  to  affect  the  value  of  these  experiments.  The  method 
will  be  valuable  in  deciding  exactly  as  to  the  quality  of  offensive 
matter  issuing  from  manufactures,  where  it  has  hitherto  been 
difficult  to  obtain  soimd  chemical  evidence,  although  the  existence 
of  even  strong  acid  vapours  could  readily  be  detected  by  the 
senses.  To  separate  the  stronger  acids  from  the  carbonic  I  pur- 
pose using  carbonates  for  absorption,  boiling  off  the  carbonic  acid. 
The  two  experiments  will  give  the  amount  of  each.  This^  how- 
ever, I  have  not  yet  put  into  practice. 

The  reaction  with  manganate  of  potash  requires  great  attention 
to  peculiar  shades  of  colour,  and  in  the  hands  of  persons  the  most 
careful,  not  much  accustomed  to  it,  it  may  not  lead  to  exact  results. 
I  have  been  desirous  therefore  of  finding  a  substance  very  highly 
coloured,  and  yet  capable  of  being  decomposed  entirely  by  car- 
bonic acid.  This  I  have  found  in  the  rosolates  of  the  alkalies. 
Rosolic  acid  in  combination  with  alkalies  gives  an  amazing  depth  of 
colour.  I  published  lately  a  short  memoir^  explaining  its  for- 
mation, and  showing  how  it  might  be  made  in  abundance.  In 
attempting  to  fix  the  colour  on  cloth,  it  was  found  that  however 
bright  and  beautiful  it  was  at  first,  a  short  time  completely  converted 
it  into  the  mere  colour  of  the  dark  resin  uncombined  with  alkali. 
This  decomposition  is  effected  by  the  carbonic  acid  of  the  air,  and 
I  am  inclined  to  think  that  the  method  by  the  rosolates  will  meet 
with  more  general  acceptance  than  that  by  the  manganate,  not 
because  of  greater  exactness,  but  because  of  the  more  definite 
limit  of  the  colour.  As  far  as  my  present  observations  have  gone, 
there  is  one  drawback  to  the  rosolates,  and  that  is,  the  greater  time 

*  Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester,  vol.  xv.  p.  1. 
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needed  to  effect  the  thorough  change ;  but  this  requires  a  little 
more  experience. 

Estimation  of  Organic  Matter. 

I  have  been  trying  for  some  time  to  obtain  a  measure  of  the 
amount  of  organic  matter  in  the  atmosphere.  Among  the  first 
experiments  with  the  manganates  were  the  following,  where  an 
undetermined  solution  of  permanganate  of  potash  and  manganate 
was  put  into  a  bulb-apparatus,  the  air  being  drawn  through  it  by 
means  of  an  aspirator.  It  was  soon  found  that  results  under 
similar  conditions  could  be  relied  upon  as  constant. 

Although  these  first  numbers  may  be  of  some  use  as  com- 
parative results,  I  am  not  inclined  to  rely  on  them  as  giving 
absolute  differences,  until  it  is  known  what  effect  pure  air  would 
have,  acting  in  exactly  similar  relations.  That  the  results  are 
correct  in  a  comparative  point  of  view,  is  shown  by  the  fact  of  the 
manganate  of  the  first  series  of  bulbs  being  more  decomposed  than 
that  of  the  second  series.  I  believe  the  time  allowed  by  this 
method  is  not  sufficient  to  enable  the  decomposition  to  take  place 
so  that  a  diminished  result  is  obtained,  and  again  I  am  not  sure 
as  to  the  actual  efifect  as  before  stated  of  pure  air.  The  results 
nevertheless  have  their  value  as  an  approach  to  the  next  part  of 
the  subject.  The  air  was  drawn  by  an  aspirator  through  a  solu- 
tion of  putrid  fiesh. 

Air  from  putrefying  matter. 

1.  0-38  ciib.  ft.  decomposed  250  grs.  of  a  solu- 

tion of  permanganate  of  potash 

2.  0-84 

3.  0-96 

4.  0-96 

5.  0-96 

6.  0-88 

7.  0-57 
0-81 

8.  0-48 
0-68 

In  this  case  I  did  not  attempt  to  approach  more  gradually  than 
by  steps  of  25  grs.,  so  that  amounts  nearly  the  same  become  as 
if  identical. 


250 

250 

drawn  through  slo\ 

250 

250 

drawn  very  slowly 

250 

very  rapidly 

175 

250 

175 

250 
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Air  from  near  an  Ash-jnt  and  Midden  : — 

1.  1'15  cub.  ft.  decomposed  250  gr.  of  the  solution  of  permanga- 

nate of  potash. 

2.  1-15  „  250 

3.  0-76  „  175 
1-08                   „                  250 

Air  from  the  kings  was  found  to  decompose  the  manganate  with 
much  greater  rapidity  than  common  air. 

It  occurred  to  me  then  to  use  it  as  a  test,  not  upon  paper  like 
litmus,  as  it  will  not  exist  in  contact  with  organic  substances,  but 
on  pieces  of  porcelain,  so  that  we  might  judge  of  the  impurity 
of  the  air  by  the  time  required  for  decomposition  ;  but  the 
surface  rapidly  dried,  at  least  when  a  soda  salt  was  used,  and  the 
crust  protected  the  imder  portion  from  any  change.  Afterwards 
nitrate  of  ammonia  was  added  to  keep  it  moist,  but  it  was  very 
difficult  to  obtain  a  siirface  on  which  the  liquid  would  lie  uni- 
formly. It  would  be  necessary  to  have  it  in  constant  revolution 
to  keep  up  a  uniform  depth.  By  fixing  a  porcelain  slab,  moistened 
with  permanganate  to  the  centre  of  the  hands  of  a  clock,  the  eflfect 
might  be  obtained  if  wanted. 

But  in  reality  this  is  scarcely  desired,  as  the  method  afterwards 
adopted  is  not  a  great  exercise  to  the  patience,  neither  could  we 
make  any  exact  approach  towards  estimating  the  amount  of  air 
that  came  in  contact  with  the  slab  or  surface  as  it  would  change 
with  the  state  of  the  wind  or  other  currents. 

I  came  at  last  to  the  use  of  a  single  bottle  or  vessel  of 
air,  to  be  filled  by  means  of  an  exhauster,  as  explained  when 
speaking  of  the  estimation  of  carbonic  acid.  In  the  stopper  are 
two  holes,  each  with  tubes  passing  through  them.  As  a  stopper 
I  have  provisionally  used  only  a  cork,  a  very  objectionable  sub- 
stance, but  it  is  possible  to  avoid  all  contact  between  it  and  the 
manganate  solution.  One  tube  is  fitted  with  a  stopcock  below, 
close  to  the  stopper,  the  liquid  is  poured  into  the  upper  part  and 
allowed  to  drop  into  the  bottle  b}^  opening  the  stopcock  as  it  is 
wanted.  The  lower  part  of  the  tube  projects  an  inch  or  two  into 
the  bottle,  and  is  drawn  out  to  a  fine  point  so  as  to  keep  it  filled 
until  pressed  down  by  the  column  above,  on  the  opening  of  the 
stopcock.  The  other  tube  has  connected  with  it  an  india  rubber 
tube  and  clasp.  Its  object  is  merely  to  allow  a  little  air  to  pass 
out  when  the  liquid  is  passing  in.  But  the  amount  of  liquid  re- 
quired is  so  small  that  this  opening  is  scarcely  necessary,  the  pres- 
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sure  of  the  few  inches  of  column  being  generally  enough  to  secure 
an  entrance.  The  stopcock  and  the  mode  of  joining  the  tubes  are 
matters  of  importance.  The  ordinary  metals  cannot  be  used  as 
they  so  rapidly  deoxidize  the  manganates,  and  glass  is  troublesome 
and  apt  to  break.  T  have^  therefore,  obtained  stopcocks  of  a  sub- 
stance not  hitherto  used  by  chemists  generally^  viz.,  hard  vulca- 
nised caoutchouc  made  by  Mackintosh.  I  expect  great  advan- 
tages from  its  use  in  chemical  apparatus.  It  resists  the  action  of 
nearly  all  the  agents  against  which  we  have  to  delend  our  vessels 
at  the  ordinary  temperatures,  and  is  hard  enough  to  be  used  for 
any  ordinary  purpose.  I  put  one  of  these  stopcocks  into  a  man- 
ganate  solution,  and  could  see  no  result  till  a  much  greater  time 
had  expired  than  the  experiment  will  ever  require.  Nearly  the 
same  may  be  said  of  common  iudia  rubber,  although  it  cannot  be 
used  for  stopcocks ;  common  vulcanised  caoutchouc  cannot  be 
used  for  a  moment  for  this  purpose  in  contact  with  the  man- 
ganates. It  is  sometimes  convenient  to  close  the  upper  part  of 
the  tube  into  which  the  liquid  is  poiu'ed.  This  is  done  at  present 
by  a  gutta  percha  stopper,  but  a  caoutchouc  stopper  or  stopcock 
would  be  equally  convenient,  if  not  more  so. 

Having  a  little  burette  which  held  140  grs.,  I  poured  the  whole 
into  the  bottle  and  shook  it,  not  knowing,  of  course,  how  much 
might  be  required.  When  the  whole  effect  was  supposed  to  be 
produced,  the  bottle  was  opened,  and  the  air  sucked  out,  not  having 
at  the  time  a  suitable  pump. 

By  this  means  it  required  the  bottle  to  be  filled  16  times  before 
the  whole  of  the  solution  was  decomposed.  The  experiment  when 
repeated  still  gave  16  times.  It  seemed  therefore  a  result  which 
could  be  relied  upon  as  constant. 

In  extracting  the  air  from  the  bottle  so  as  to  allow  the  entrance 
of  the  external  air,  a  great  excess  is  of  course  used,  and  the  surface 
of  the  liquid  is  exposed  to  a  little  more  decomposition  than  is  just 
to  the  experiment,  but  the  results  are,  independently  of  this,  so 
fine  that  I  have  not  practically  seen  the  evil,  although  it  was  after- 
wards guarded  against.  Besides,  as  the  same  amount  is  used  in  every 
experiment,  the  comparative  results  are  not  injured  even  if  it  is 
not  guarded  against.  After  using  a  flexible  pump  or  inverse 
bellows  to  extract  the  air,  140  grs.  of  the  solution  were  always 
decomposed  by  9  bottles  of  the  air  at  my  laboratory.  This  method 
was  used  in  all  cases  afterwards.  The  air  is  pumped  out  and  the 
external  air  fills  the  bottle.     The  use  of  the  mouth  for  the  purpose 
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is  only  mentioned  to  guard  against  an  imperfect  mode  of  doing  the 
experiment,  as  well  as  a  process  very  fatiguing  to  the  lungs. 

When  air  is  exceedingly  pure,  as  upon  the  hills  or  on  the 
sea-shore,  it  may  be  impossible  to  perform  the  operation  in  one 
bottle,  even  by  the  use  of  the  smallest  convenient  amounts  of 
solution.  But  as  the  process  will  probably  be  wanted  most  where 
the  air  is  impure,  the  same  mode  may  be  used  as  is  described  for 
trying  the  carbonic  acid,  and  the  whole  experiment  finished  by 
one  act  instead  of  repeated  fillings. 

The  first  experiments  give  chiefly  multiples  of  a  full  vessel  of 
air,  as  I  had  no  hope  of  arriving  at  anything  finer.  The  actual 
limit  of  delicacy  I  am  not  yet  able  to  give.  To  obtain  a 
standard  solution  of  permanganate  for  the  purpose  of  testing 
organic  matter,  ten  grains  of  sugar  were  boiled  with  acid  to 
render  it  uncrystallizable  ;  when  neutralized  it  was  dissolved 
in  10,000  grs.  of  water ;  54  grs.  of  this  solution,  or  0*054  of  sugar 
calculated  as  cane-sugar,  decomposed  700  grs.  of  a  dilute  solution 
of  permanganate  of  potash.  Every  ten  grains  of  the  permanga- 
nate are  therefore  capable  of  decomposing  0"000771  of  sugar.* 

This  solution  being  used,  the  following  results  were  obtained : — 

1.  Air  from  my  laboratory,  All  Saints.  140  grs.  of  solution 
decomposed  by  783  cubic  inches  of  air,  or  9  bottles. 

2.  Air  from  the  front  of  the  laboratory  or  open  street.  140  grs. 
decomposed  by  800  cubic  inches,  or  9^  bottles. 

3.  Air  from  the  back  yard.  140  gr.  decomposed  by  658*  cubic 
inches,  or  7^  bottles. 

4.  Air,  from  a  bedroom  (11  ft.  x  10  x  12)  up  two  stairs  and 
looking  to  the  back:  at  night.  140  grs.  decomposed  by 
701  cubic  inches,  or  8  bottles. 

5.  In  the  morning,  air  from  same  room,  in  which  a  young 
man,  aged  20,  had  slept,  014  cubic  inches,  or  7  bottles. 

6.  Front  room  of  laboratory  again.  833  cubic  inches,  or  9^ 
bottles. 

7.  Back  of  Mcdlock  river,  behind  some  small  and  not  clean 
houses.  140  grs.  decomposed  by  479  cubic  inches,  or  5^ 
bottles. 

8.  St.  Michael's-place,  back  Irk-strcet,  a  closely  built  neigh- 
bourhood, air  from  back  yard.  140  gr.  decomposed  by  87*7 
cubic  inches,  or  1  bottle. 

*  I  now  use  oxalic  acid,  but  the   whole  process  must  be  separately  dcscribeil,  and 
the  standard  eniployod  fully  e.\]:ilained. 
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9.  Inside  a  rather  cleauly  kept  house,  in  St.  Michael-place,  but 
close  to  the  back  yard.     175  cubic  inches,  or  2  bottles. 

10.  Front  of  the  house.   438   cubic  inches,  or  5  bottles  (nearly). 

11.  Air  on  the  high  grounds  at   Hoghton-tower,  near  Preston. 
140  gr.  decomposed  by  I929'4  cubic  inches,  or  22  bottles. 

12.  50    grs.  decomposed  by  701    =    140,  for  22*4  bottles,  or 
1962. 

13.  Same  air  50  gr.  decomposed  by  793  =  140  by  2084  cubic 
inches. 

14.  Same  air  50  gr.  decomposed  by  701  cubic  inches  =  140  by 
1962  cubic  inches. 

15.  In  a  close  carriage  full  of  passengers,  windows  and  doors 
closed,  140  gr.  decomposed  by  175  cubic  inches,  or  2  bottles. 

Supposing  the  sugar  and  the  organic  matter  in  the  air  were 
decomposed  by  exactly  the  same  amount  of  manganate,  a  suppo- 
sition which  cannot  be  perfectly  true,  but  which  from  the  minute- 
ness of  the  amounts,  leaves  no  room  for  a  great  error,  the  quan- 
tities of  organic  matter  in  the  air  would  be  in  those  cases  such 
that  the  140  grs.  given  would  be  decomposed  by  0*0108  grs.  of 
organic  matter.  When  this  is  decomposed  by  1  bottle  or  87  cubic 
inches  of  air,  it  is  equal  to  1  gr.  in  8058  cubic  inches  of  air,  or 
let  us  say  8000.  The  amount  of  organic  matter  in  the  atmo- 
sphere will  then  exist  in  the  following  amounts  :- 


cub.  in. 

1. 

Air  at  All  Saints  inside  the  laboratory  1    grain  in 

72,000 

2. 

Front  of  the  house        .... 

3) 

74,000 

8. 

Behind  the  laboratory 

}) 

60,000 

4. 

Bedroom  looking  to  the  back 

>) 

64,000 

5. 

Same  room  in  the  morning  after  being  slept  in 

)} 

56,000 

6. 

Front  of  laboratory  again 

}} 

76,000 

7. 

Back  of  the  Medlock  behind  dirty  houses 

}) 

44,000 

8. 

St.  Michael's-place  behind  a  house 

}} 

8,000 

9. 

Inside  a  house  at  St.  Michael's-place     . 

3} 

16,000 

10. 

The  front  of  the  house 

33 

40,000 

11. 

High  grounds  30  miles  north  of  Manchester 

33 

176,000 

12. 

})                                  )) 

3) 

183,000 

13. 

}}                                  )> 

}> 

209,000 

14. 

))                                  }> 

33 

183,000 

15. 

Closely  packed  railway  carriage 

33 

8,000 

16. 

When  the  strong  smell   of  a  sewer  entercc 

my  laboratory  ...... 

3) 

8,000 
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Leaving  out  the  three  cyphers,  we  have  a  range  of  from  8  to 
200,  and  I  feel  assured  that  we  may  go  much  lower  than  8  as  I 
entered  no  spots  which  were  very  revolting. 

The  amount  from  putrid  matter,  when  coming  after  these,  will 
shew  the  great  evils  to  which  we  may  be  exposed,  and  the  effects 
of  different  positions  with  regard  to  it. 

The  table  of  putrid  matter  on  page  217,  when  put  in  this  form 
gives,— 

l.One  grain  of  organic  matter  in 

^-  ))  )j 

3-  })  ,, 

4.  5»  »» 


20*5  cubic  feet. 

45-0 

51-9 

51-9 

51-9 

47-5 

43-7 

36-6 


It  will  be  observed  how  much  greater  it  is  at  first,  but  how  the 
passage  of  air  over  it  diminishes  it.  I  may  mention  that  this 
putrid  matter  was  liquid^and  the  air  bubbled  through  it,  stirring  it 
up.  This  removed  the  volatile  matter  and  less  than  half  the 
amount  was  after  a  time  found  in  it.  But  on  being  allowed  a 
little  rest,  the  putrefaction  began  again  and  increased.  The  pu- 
trefying matter  was  not  in  an  extreme  condition,  it  Avas  to  a  great 
extent  expended  when  I  began  the  experiments. 

The  air  of  ash-pits,  or  rather  of  middens  and  cesspools  such  as  the 
repositories  of  fseces  essentially  are  in  Manchester,  was  tried,  and 
gave 

grs. 

1.  1  of  organic  matter  by  the  above  mode  of  calculation  in 

2.  1  ,,  ))  }) 

O.     1  „  ,,  }} 

The  regularity  here  is  remarkable ;  we  may  arrive  at  the  exact 
amount  sent  into  the  air  per  day  by  these  places,  but  this  I  have 
not  yet  done.  Although,  as  I  said  before,  I  do  not  rely  much  on  the 
experiments  made  on  the  putrid  meat  as  far  as  amount  is  con- 
cerned, the  results  look  probable  and  give  a  range  between  the 
purest  air  and  that  from  putrid  matter  of  from  20  to  180,000,  or 
from  1  to  9000  units. 

It  would  result  from  this  that  by  breathing  impure  or  putrid 
air,  we  might  be  inhaling  9,000  times  more  of  some  organic  sub- 
stance or  other  than  we  should  be  doing  by  inhaling  the  purest  air. 


cub.  ft. 

G2-2 
62-2 
58-9 
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But  without  taking  such  high  numhers,  and  leaving  out  those 
experiments  on  which  I  have  not  professed  a  rehance,  and  leaving 
entirely  such  putrid  matter  as  I  have  referred  to,  we  have  in 
different  air  breathed  by  people  in  the  same  county,  a  substance 
the  amount  of  which  in  one  case  is  23  times  greater  than  in 
the  other,  and  in  air  breathed  by  people  in  the  same  town  a  dif- 
ference which  is  as  9  to  22. 

These  differences  are  not  greater  than  are  requii-ed  in  order  to 
enable  us  to  account  for  the  numbers  which  represent  the  deaths 
of  the  various  districts.  In  the  district  in  which  the  highest 
numbers  here  given  were  obtained,  there  were,  in  1855,  4*5  deaths 
in  a  hundred,  whilst  the  average  is  2*2  for  the  country.  In  other 
words,  the  number  22  which  I  have  obtained  is  not  more  than  is 
needful  to  account  for  a  state  of  things  which  destroys  nearly 
60  per  cent,  of  the  population.  At  the  place  where  the  number  9-^ 
is  given,  the  deaths  are  not  so  high  as  the  average  of  Manchester. 

I  find  the  action  of  the  manganates  to  be  much  more  rapid 
on  sugar  when  it  has  lost  its  catamorphous*  condition  by  being 
boiled  with  acid.  The  action  is  then  instantaneous  or  nearly  so. 
With  crystalHzable  sugar  it  is  slow.  I  have  not  yet  decided  how 
far  this  property  may  be  relied  on  as  a  means  of  testing  the 
amount  of  crystallizable  sugar  in  a  syrup.  The  action  generally  is 
more  rapid  on  bodies  tending  to  decay,  and  to  some  extent  is  a 
measure  of  the  condition  of  bodies.  This  peculiar  property  may 
possibly  be  so  far  made  use  of  as  to  enable  us  to  arrive  at  some 
idea  of  the  condition  of  a  miasm  or  epidemic  virus.  If  exceed- 
ingly active,  it  may  act  more  rapidly  than  usual  on  organic  matter. 
There  is,  tlierefore,  a  field  of  inquiry  here.f 

To  prevent  any  doubt  as  to  the  fact  of  the  vapours  from  putrid 
matter  affecting  this  test,  some  mutton  was  put  into  a  large  closed 
vessel  and  allowed  to  putrify.  Some  of  this  vapour,  even  after 
many  days,  as  well  as  some  after  many  months,  being  collected  in 
a  tube  and  treated  with  manganate  of  soda,  instantly  decomposed 
a  very  large  amount,  leaving,  as  it  appeared  to  me,  some  organic 
matter  which  was  not  entirely  resolved  into  an  oxide  of  carbon 
and  water;  but  as  these  experiments  are  intended  for  another 
inquiry,  it  is  enough  for  the  present  purpose  to  show  that  deconi- 

*  I  have  used  catamorphous  iu  opposition  to  amorphous.  Hitherto  there  has  been 
no  equivalent :  crystalline  and  others  are  only  so  in  a  restricted  sense.  Catamorphous  ov 
Katamorphous  includes  crystallised  and  crystallisable  substances  and  such  as  assume  a 
recognisable  form,  whether  well  or  ill  defined. 

t   I  have  already  found  considerable  diversity  in  this  respect. 
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position  does  take  place  when  the  only  suhstance  present  is  in  the 
form  of  gaseous  matter.^ 

I  should  not  omit  to  say  that  we  must  not  lay  too  much 
blame  on  the  sulphurous  acid  of  the  coals.  There  can  be  little 
doubt  that  it  acts  as  a  disinfectant  of  the  putrid  matter  in  towns, 
and  any  one  with  an  attentive  smell  passing  through  the  streets  of 
this  country  and  the  cleanest  towns  of  the  continent  must  feel  how 
vastly  superior  our  atmosphere  here  is  in  respect  of  putrid  matter 
capable  of  afifecting  that  sense :  whilst  then  there  is  a  great  charge 
against  the  sulphur,  we  must  not  omit  to  speak  so  far  in  its 
favour.  This  was  first  mentioned  to  me  by  Mr.  John  Graham. 
It  seems  to  me  that  the  statistics  of  epidemics  in  large  manufac- 
turing towns  fully  bear  out  this  belief,  although  a  few  cases  present 
difficulties  which  my  knowledge  of  the  particulars  does  not  allow 
me  to  clear  up.  It  may,  however,  be  said  that  if  the  ozone  of  the 
air  oxidizes  the  sulphurous  acid,  it  is  rendered  incapable  of  oxi- 
dizing the  organic  matter,  and  so  the  effect  of  the  one  is  entirely 
lost,  although  the  effect  of  the  other  is  gained.  Supposing  they 
equally  balanced  each  other,  there  still  remains  the  sulphuric 
acid,  to  which  we  must  attribute  a  disinfecting  power  of  great 
value,  although  inferior  to  that  of  the  sulphurous. 

The  sulphurous  acid  will  readily  act  on  sulphuretted  hydrogen, 
and  that  gas  is,  I  believe,  largely  removed  from  our  atmosphere 
by  the  acid,  and  excepting  near  its  sources,  is  not  much  to  be 
complained  of,  never  attacking  the  senses  in  the  streets  except  in 
these  circumstances.  One  of  its  most  fertile  soui'ces  in  all  towns  is 
the  gas-works. 

Action  of  the  air  on  the  blood. 
No  conclusion  seems  to  have  been  arrived  at  respecting  the 
exact  nature  of  the  effect  on  the  lungs  of  the  atmosphere  of  large 
towns  and  that  supplied  pure  by  nature.  Many  persons  believe 
that  no  difference  really  exists,  and  that  the  different  effects 
which  are  supposed  to  be  experienced,  arise  in  reality  from  the 
different  conditions  and  occupations  of  life.  Not  later  than  this 
week,  evidence  has  been  given  in  a  committee  of  the  House  of 
Commons,  ignoring  any  such  differences.  The  phenomena  which 
I  have  just  explained  will,  I  trust,  put  all  question  aside,  although 
I  feel  assured  that  to  those  who  have  already  studied  the  subject 
no  proof  of  actual  difference  was  needed. 

*  Sometimes  the  term  manganaie  is  used  when  permanganate  might  be  written,  but 
it  is  not  important,  altlvough  the  latter  is  preferred  for  organic  substances. 
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The  question  might  now  be  asked  what  is  the  metliod  by  which 
the  air  of  towns  affects  human  life  ?  The  answer  always  has  l)een 
that  it  is  principally  through  the  medium  of  the  lungs,  and  that 
the  blood  must  in  time  become  somewhat  altered.  That  delicate 
and  mysterious  liquid  has  not,  as  far  as  I  know,  been  made  to 
explain  the  reaction. 

Finding  that  an  artificial  test  was  capable  of  indicating  the 
state  of  the  air,  it  seemed  to  me  probable  that  the  blood  being  in 
reality  more  delicate,  at  least  with  the  assistance  of  time,  might 
also  undergo  some  peculiar  change  which  might  be  made  sensible 
to  the  eye. 

I  passed  some  ozonized  air  through  blood,  and  found  instantly 
a  remarkable  reddening.  I  then  passed  the  common  air  of  Man- 
chester through  another  portion  of  blood,  and  obtained,  after  a 
few  minutes,  a  very  red  colour.  The  eifect  of  a  very  small  amount 
of  ozone,  even  a  bubble  of  the  ozonized  air,  was  sufficient  to  give 
a  maximum  of  brightness.  The  phosphorus  vapours  were  not 
remo\'ed  from  the  air,  and  I  am  aware  that  many  substances  in 
small  quantities  brighten  blood.  Of  these,  phosphoric  acid  is,  I 
believe,  one,  but  no  such  marked  result  was  got  by  the  acid 
alone. 

Having  familiarized  myself  with  the  appearance  produced  by 
shaking  a  measured  portion  of  blood  with  a  given  amount  of  air, 
with  repeated  variations  for  several  days,  using  both  new  and  old 
blood,  I  proceeded  to  try  the  same  at  the  sea-side.  It  was  found 
that  blood,  diluted  with  an  equal  volume  of  water,  v>  as  most  con- 
venient for  many  of  the  experiments,  for  although  the  colour,  and 
all  the  changes  are  somewhat  different,  the  comparative  results 
are  exactly  the  same ;  it  also  very  much  assists  the  observation  to 
have  the  results  confirmed  by  both  conditions.  The  blood  also 
keeps  longer  when  diluted.  Of  com-se,  for  many  observations  to 
dilute  the  blood  is  to  destroy  it.  I  had  found  that  the  experi- 
ments were  not  altered  in  character,  by  using  blood  two  or  three 
days  old,  or  even  much  older,  but  I  so  contrived  as  to  begin  the 
experiments  at  the  sea  within  three  hours  after  leaving  them  in 
Manchester,  so  that  both  the  eye  and  the  material  might  come 
fresh  to  their  work. 

I  expected  that  the  large  amount  of  ozone  in  the  sea-air  would 
rapidly  redden  the  blood,  and  that  the  reddening  would  be  much 
greater  than  in  Manchester.  The  effect  was  otherwise;  it  was 
decidedly  less,  and  much  less.     The  trials  were  repeated  at  various 
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periods  of  the  first  and  the  next  day,  and  with  uniform  results. 
It  was  not  easily  explained,  but  it  was  at  least  satisfactory  to 
know  that  there  was  a  diiference. 

Finding  that  phosphoric  acid  in  small  quantities  gave  a  lighter 
colour  to  the  blood,  I  tried  also  minute  quantities  of  sulphurous 
acid.  The  blood  by  this  means  is  made  less  clear,  as  it  seems  to 
me,  of  a  lighter,  but  not  such  a  rich  red ;  after  a  while  it  becomes 
darker. 

In  order  to  obtain  air  perfectly  free  from  the  acid  impurities  of 
the  town,  it  was  passed  through  caustic  soda  into  a  bottle  of 
the  same  size  always  used  in  the  experiments,  and  air  from 
the  town  was  introduced  into  another.  An  equal  amount  of 
blood  was  poured  into  each  without  removing  the  stopper,  by 
the  means  already  described.  When  shaken,  it  was  plainly  seen 
again  that  the  Manchester  air  caused  a  greater  transparency  or  a 
lighter  red. 

By  these  experiments,  in  which  I  got  no  contradictory  results, 
I  conceive  it  is  shown  that  the  atmosphere  of  a  town  has  a 
peculiar  effect  on  the  state  of  the  blood,  an  indication  of  which 
is  capable  of  being  rendered  distinctly  perceptible  to  the  ordinary 
eye.  This  will,  in  course  of  time,  act  for  good  or  evil  on 
the  constitution.  I  say  for  good  or  evil,  because,  although  I  do 
not  for  a  moment  doubt  the  superiority  of  that  condition  of 
the  atmosphere  which  nature  has  given  us  to  breathe,  over  all  other 
conditions  induced  by  us,  I  can  imagine  that  circumstances  might 
arise  where  such  a  change  as  this  alluded  to  might  be  favourable, 
or  in  other  words  where  tlie  atmosphere  of  such  a  town  would 
have  a  favourable  curative  effect. 

j\Iany  questions  arise  on  this,  and  as  I  am  not  willing  to  speculate 
at  present,  even  if  I  were  sufficiently  acquainted  with  physiology, 
but  rather  to  inquire  further,  I  shall  venture  only  on  a  few  re- 
marks. In  looking  over  the  action  of  reagents  on  the  blood, 
a  great  majority  are  said  to  make  it  red  or  vermilion.  I  was 
almost  tempted  to  inquire  whether  observers  had  not  mistaken 
the  simple  action  of  the  air  for  that  of  the  reagent,  but  I  found  that 
many  acids  and  alkalies  give  this  light  colour  under  conditions 
when  the  action  of  the  air  alone  could  not  explain  it.  May  it  not 
be  that  the  abstraction  of  carbonic  acid  reddens  blood,  and  that 
this  is  performed  by  the  oxygen  of  the  air  taking  its  place  in 
normal  conditions,  by  alkalies  absorbing  it  in  certain  experiments 
and  by  acids   assisting  its  departure  in  other  experiments,  and  in 
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the  acid  air  of  towns  such  as  described  ?  If  so,  we  have  an 
abnormal  reddeniug  caused  b}^  acid  vapour,  but,  although  greater, 
not  productive  of  an  identical  effect,  because  not  effected  by  the 
oxygen  only  which  is  the  agent  for  the  natural  decomposition 
required. 

Another  supposition  I  am  better  pleased  with.  If  acids  assist 
oxidation  of  the  blood  in  the  same  manner  as  they  do  the  oxida- 
tion of  many  other  bodies,  then  they  cause  the  action  of  the  lungs 
to  go  on  more  rapidly  and  hasten  the  current  of  animal  life, 
producing  that  greater  restlessness  of  the  system  which  is  the 
peculiarity  of  great  towns.  I  am  inclined  to  believe  that  by 
following  up  this  inquiry,  such  questions  will  receive  a  distinct 
answer.  As  the  blood  is  such  a  delicate  test,  it  is  highly  pro- 
bable that  the  true  action  of  various  climates  will  best  be  known 
by  studying  in  this  manner  the  direct  action  of  the  atmosphere : 
it  is  true  that  an  inorganic  test  capable  of  similar  changes  would 
be  more  convenient,  but  many  will  be  needed  to  supply  the  ma- 
nifold character  of  blood  itself,  and  all  the  substances  that  can  be 
used  may  still  produce  united  effects  explaining  less  than  one 
experiment  with  blood. 

If  the  true  explanation  be  found  in  the  increased  oxidizing 
effect  of  the  air  of  towns,  the  carbonic  acid  will  not  be  so 
hurtful  in  the  air  as  the  sulphuric,  although  the  latter  exists  in 
such  small  quantities.  Mineral  acid  fumes,  I  know,  by  too  much 
experience,  are  exceedingly  irritating  to  the  nervous  system.  At 
the  same  time,  I  am  not  aware  of  any  experiments  with  carbonic 
acid  and  the  blood,  beginning  with  a  natural,  wholesome  amount, 
and  rising  up  by  O'Ol  per  cent,  at  a  time.  I  tried  only  a  few 
hastily,  with  minute  amounts,  but  got  no  such  results  as  by  sul- 
phurous acid. 

If  then  the  eye  can  see  those  changes  in  the  blood,  it  is  not  to 
be  wondered  at  that  those  minute  portions  amongst  which  che- 
mical changes  act,  should,  by  their  accumulated  agency,  influence 
the  whole  phenomena  of  life. 

The  plan  of  estimating  the  carbonic  acid  will  give  also  every 
other  acid  equally,  but  when  it  is  desired  to  know  of  any  effect 
arising  from  acids  stronger  than  carbonic  acid,  the  blood  itself 
may  be  used  as  a  test.  This,  however,  in  the  hands  of  any  one 
who  does  not  accustom  himself  to  it,  may  give  fallacious  results  as 
the  effect  is  best  seen  after  many  comparative  observations. 

Q  2 
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The  test  for  the  organic  matter  Avill  include  also  sulphuretted 
hydrogen  and  some  other  gases,  but  I  do  not  suppose  that  carbonic 
oxide  will  be  affected  by  either  of  the  methods.  The  great  sources 
of  evil  seem,  however,  to  lie  in  decomposing  animal  matter  and 
the  acids. 

The  value  of  these  tests  will  be  known  only  when  it  has  become 
a  common  experiment  and  an  easy  one  to  ascertain  the  purity 
of  an  atmosphere  and  the  efficiency  of  systems  of  ventilation,  dis- 
infection, and  general  purification. 

I  can  readily  imagine  cases  in  which  a  fallacious  result  will  be 
given,  when,  for  example,  the  air  is  richly  laden  with  the  perfume 
of  flowers;  probably  the  materials  produciug  the  odour  will  be 
decomposed  like  putrid  matter;  but  this  must  be  left  to  further 
inquiry.  Even  in  such  cases,  a  great  preponderance  of  odour 
is  found  prejudicial  to  the  health,  and  the  luxurious  perfumes 
of  autumn  border  closely  on  and  readily  pass  into  unwholesome 
emanations. 

The  breath  is  very  variously  affected,  as  we  may  suppose,  by 
the  state  of  health.  I  did  not,  however,  find  that  it  was  capable 
in  the  few  cases  tried,  of  decomposing  as  much  manganate  as  the 
worst  cases  mentioned  of  air  out  of  doors  in  unclean  or  crowded 
places.  I  found,  however,  remarkable  differences  in  the  amount 
of  organic  matter  in  the  breath  when  sweet  and  when  disagreeable. 
It  is  quite  possible  that  this  test  may  be  used  as  an  indication  of 
the  state  of  the  stomach.  In  a  few  cases,  I  found  that  its  condi- 
tion was  correctly  registered. 

Oxygen. 

As  to  the  amount  of  oxygen  in  the  air,  I  fear  I  have  not  made 
a  sufficient  number  of  experiments,  finding  it  inconvenient  to  ex- 
periment on  air  fi'om  the  centre  of  the  town.  I  did  not  adopt  the 
precaution  of  collecting  a  certain  qiiantity  from  one  district,  and 
making  several  analyses  of  the  same  specimen ;  each  analysis, 
therefore,  refers  to  a  different  specimen  in  reality,  and  it  was 
found  by  the  other  methods  of  analysis,  that  the  air  is  constantly 
changing  in  composition,  and  that  these  changes  were  found  in 
the  second  decimal  place  at  least,  and  even  in  the  first.  Having 
broken  my  barometer  at  the  time,  I  was  reduced  to  use  an  old 
one,  consecrated  certainly  by  the  hands  of  its  former  owner.  Dr. 
Palton,  whose  old  laboratory  I  used  for  the  time,  but  not  thereby 
improved  in  its  results. 
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Cub.  C.  C.C.  C.  C. 

Ail- used.  of  H.  added.    Aftev  explosion.     Per  cent,  of  oxygen. 

1.  40-731  73-176  -  24-113  =  20868 

2.  45-786  83-482  -  27-405  =  20-179 

3.  33-125  74-582  -  20-677  =  20-807 

4.  51-618  88-275  -  56-355  =  20-613 

5.  93-107  170-240  -^  112-150  =  20-793 

These  are  of  course  the  reduced  numbers  obtained.  Leaving  out 
the  second,  which  is  probably  too  small,  the  average  will  be  20-770 
of  oxygen.  This  will  certainly  agree  with  the  numbers  for  carbonic 
acid  very  well,  but  I  have,  as  I  said,  no  evidence  of  the  air  being 
of  a  similar  composition  in  any  one  case.  I  can  scarcely  call  it  an 
oversight,  because,  until  I  had  become  long  familiar  with  the  results, 
I  had  not  become  accustomed  to  view  the  atmosphere  as  so 
liable  to  frequent  changes.  The  air  outside  the  town  should 
also  be  examined  in  connection  with  this,  and  until  then  no 
conclusion  can  be  drawn  as  to  the  exact  effect  of  the  chimneys. 
Dalton's  observations  (quoted  in  Gmelin)*  were,  for  Manchester 
20-99,  20-95,  20-83 ;  three  miles  from  ^Manchester,  20-85.  My 
experiments  show  a  little  deterioration.  This,  hoAvever,  we  may 
fairly  say  that  it  is  not  from  any  want  of  oxygen  that  the  air  of 
Manchester  or  similar  towns  can  be  less  fitted  for  health.  The 
amount  varies  much  more  with  the  changes  of  temperature  and 
pressure,  and  it  is  not  to  be  conceived  that  such  a  slight  change 
in  the  proportions  could  have  any  effect  on  the  blood  or  the 
health.  Besides,  I  consider  that  the  experiment  here  recorded^ 
where  the  air  was  passed  through  caustic  potash,  and  was  found 
to  have  lost  its  peculiar  efiect  on  the  blood,  sufficiently  shows 
that  the  peculiarity  was  not  caused  either  by  the  amount  or  pro- 
portion of  the  oxygen,  as  both  of  them  remained  unchanged.  The 
diminution  of  oxygen  may  be  looked  on  as  amounting  to  from  01 
to  0-2  per  cent.     AVith  gusts  of  smoke  this  must  be  higher. 

Ammonia  in  the  Air. 

I  find  only  one  experiment  in  which  the  ammonia  v.as  directly 
taken  from  air.  21-341  cubic  feet  of  air  were  passed  through  an  acid 
solution,  and  on  being  treated  with  a  platinum- salt,  0-0517  of 
ammonia  were  obtained.  This  is  equal  to  1  grain  of  ammonia  in 
412-42  cubic  feet,  or  by  weight  0-000453  per  cent.,  or  if  saturated 
with  sulphuric   acid,  0-001758  of  sulphate  of  ammonia.     I   have 

*   Handbook  of  Cbcmistry  (translation),  vol.  ii.,  pp.  407,  408. 
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made  no  verification  of  this  experiment ;  the  place  where  it 
was  made  was  in  an  open  space  at  my  laboratory,  which  with  a 
south-west  wind  receives  no  smoke  from  factories.  The  ammonia 
here  is  sufficient  to  neutralise  more  than  the  amount  of  sulphuric 
acid  found  when  the  wind,  blows  from  the  chimney  districts.  It 
shews,  however,  that,  as  in  my  earlier  experiments,  an  alkaline 
atmosphere  may  occasionally  be  found.  It  happened,  however,  in 
this  case  that  the  air  was  acid,  and  that  much  more  sulphuric  acid 
was  found  than  was  needful  to  neutralize  the  ammonia.  The 
sulphuric  acid  from  the  same  air  was  intercepted  by  lead  salt.  The 
amount  of  sulphate  of  lead  obtained  was  0*6  grains  =  0'204<1  of 
sulphuric  acid,  and  equal  to  1  grain  in  104'0  cubic  feet.  This  is 
nearly  as  much  as  the  theoretical  amount  calculated  for  the 
assumed  space  of  16  miles,  but  it  must  be  only  occasional.  The 
weather  was  moist,  and  in  such  a  state  of  the  air,  the  acid  falls 
rapidly  with  the  rain,  the  earlier  rain  clearing  all  that  is  in  the  air. 
I  do  not  doubt  that  in  the  direct  course  of  the  smoke  from  a 
chimney,  a  much  higher  amount  might  be  obtained,  as  it  becomes 
then  offensive  to  the  smell,  and  sulphurous  acid  is  strongly  per- 
ceived. The  utmost  attainable  limit  in  any  given  spot  must  be 
many  times  greater  even  than  this. 

Rain  gave  by  the  instrument,  a  short  account  of  which  I  read 
to  the  Manchester  Philosophical  Society  : — 

Carbonic  acid,      5'133  cubic  inches  per  gallon. 

7-233 
)}  7'233  „ 

7-46 
By  the  use  of  the  manganate,  I  obtained  in  one  case  7'2,  and  in 
another  the  same  amovnit  as  by  the  apparatus  where  the  gases 
are  removed  by  boiling,  but  the  use  of  the  former  for  water 
requires  many  precautions.  To  obtain  correct  results  the  organic 
matter  must  first  be  removed.  If  this  method  should  turn  out 
as  successful  as  it  has  promised,  the  carbonic  acid  may  be  taken 
in    1000  grains  of  water  in  a  few  minutes. 

Carbon  in  the  Air. 

By  examination  of  several  chimneys,  I  came  to  the  conclusion 
that  about  1  per  cent,  weight  of  the  coal  used  is  sent  oS  in  the 
condition   of  carbon  or   tarry   matter.       This    will    be   equal   to 
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nearly  60  tons  a  day.  S apposing  it  to  be  60  tous^  and  the  space 
alluded  to  filled  equally  with  the  vapour^  with  a  thorough  change 
twenty  times  a  day,  then  only  3  tons  would  exist  in  suspension  at 
a  time  in  the  atmosphere.  This  would  be  only  1  grain  in  5,689 
cubic  feet,  or  1  grain  in  a  cube  of  rather  less  than  18  feet  (17'853). 
This  is  sometimes  more,  sometimes  less  than  the  truth,  in  all 
probability.  It  is  about  the  truth  for  a  very  clear  day.  The  half 
of  this  will  be  more  frequently  true.  With  1  in  5689,  or  in  the 
best  seasons,  we  should  breathe  a  grain  of  soot  in  twenty-one 
days :  a  small  quantity,  but  it  is  given  in  irregular  doses,  and  as 
it  has  a  very  large  surface,  a  grain  appears  very  large.  The 
carbon  separates  from  the  rest  of  the  smoke  much  sooner  than  the 
gases,  and  is  often  seen  floating  at  a  long  distance  from  its  source, 
when  all  the  gaseous  matter  must  have  been  removed,  like  the 
skeleton  of  the  smoke  alone,  without  tlie  vitality  of  diff'usion  to 
decide  upon  any  course. 

Tarry  Matters  in  the  Air. 

Besides  the  carbonic  acid,  as  a  result  of  the  combustion  of  coal, 
the  products  of  distillation  must  also  be  considered.  In  one  case, 
I  found  exactly  one-half  of  the  carbonaceous  matter  of  the  smoke 
to  be  volatile.  100  cubic  feet  gave  8  grains  of  soot,  4  grains  being 
volatile.  If  so,  the  amount  which  I  have  given  for  the  carbon 
and  tar,  &c,,  may  be  stated  thus  : — 

\  per  cent,  of  tlie  weight  of  coal  used  given  off  as  carbon, 
i  .  .  .  .  given   ofi'   as   tar,    and 

other  volatile  products  of  coal,    all    of  which    may   be 

included. 

Or  30  tons  of  tar  per  day  and  30  of  soot, 

Or  0-83  to  1^        „  0-83  to  1^     „         in    the    atmo- 

sphere at  a  time. 

Now,  I  have  ascertained  by  experiment  that  some  of  these  products 
are  capable  of  decomposing  manganates,  and  when  judging  of  the 
unwholesomeness  of  a  district  by  the  amount  of  organic  matter, 
care  must  be  taken  not  to  be  misled  by  this.  The  error  cannot  be 
high,  because  if  there  be  one-half  of  tarry  matter  capable  of 
decomposing  a  manganate  to  100  of  coals,  then  the  99  of  coals 
taken  as  carbon,  which  is  near  enough  for  the  case,  will  give  363 
of  carbonic  acid,   or  there   will  be  only  1  of  tarry  matter    to  726 
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of  carbonic  acid.  The  acid  must  therefore  increase  enormously 
before  its  accompaniment  the  tar  can  produce  any  effect.  Besides, 
only  a  portion  of  this  tarry  or  distilled  matter  is  decomposable 
during  the  time  of  an  ordinary  experiment.  It  must  not,  how- 
ever, be  forgotten. 

Smoke  from  common  Fires. 

1'604  cubic  feet  of  smoke  or  gases   from  the  chimney  of  a 
common  fire,  Avhen  the  fire  was  smoking,  gave — 

Ammonia    . .  .  .  . .  0"0345 

Sulphurous  acid  . .  . .  0*1229 

From  a  clear  fire  : 

Ammonia     .  .  . .  . .  00326 

Sulphurous  acid  .  .  .  .  0"70i7 

In  the  first  there  is  a  grain  of  ammonia  in  40*5  cnbic  feet ;  in 
the  second,  a  grain  in  49  cubic  feet.  It  is  shewn  that  the 
sulphur  is  burnt  in  greater  part  after  the  smoke  has  ceased,  as 
common  experience  indicates.  The  ammonia  docs  not  diminish 
so  rapidly  as  wc  might  expect.  It  is,  in  fact,  very  difficult  to 
remove  the  nitrogen  from  coal  or  coke.  Some  experiments  which 
I  made  on  the  subject  gave  a  great  diversity  in  the  amount,  but 
a  low  heat  seemed  to  send  off  very  little,  and  a  high  heat 
evidently  destroyed  entirely  a  large  proportion. 

Effect  of  the  Atmosphere  on  Stones,  Bricks,  Mortar,  Sj-c. 

It  has  often  been  observed  that  the  stones  and  bricks  of  build- 
ings, especially  under  projecting  parts,  crumble  more  readily  in 
large  towns  where  much  coal  is  biu-nt  than  elsewhere.  Although 
this  is  not  sufficient  to  prove  an  evil  of  the  highest  magnitude,  it 
is  still  worthy  of  observation,  first  as  a  fact,  and  next  as  affecting 
the  value  of  property.  I  was  led  to  attribute  this  effect  to  the 
slow  but  constant  action  of  the  acid  rain.  If  it  affects  substances 
with  so  great  an  excess  of  silica,  it  is  not  to  be  expected  that 
calcareous  substances  will  resist  it  long,  and  one  of  the  greatest 
evils  in  old  buildings  in  Manchester  is  the  deterioration  of  the 
mortar.  It  generally  swells  out,  becomes  very  porous,  and  falls  to 
pieces   on   the  slightest  touch.     Some   mortar  in  this   condition 
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from  a  building  behind  the  house  of  the  Literary  and  Philoso- 
phical Society  of  Manchester  was  examined. 

9*18  grs.  gave  7*57  of  BaOSOj,  or  28-33  p.  c.  of  sulphuric 
acid^  =48"16  per  cent,  of  sulphate  of  lime. 

It  is  not  to  be  wondered  at  that  iron  oxidizes  readily,  and  that 
galvanized  iron  is  valueless  in  a  district  where  the  acid  rain  con- 
verts it  at  once  into  a  battery.  It  will  be  observed  that  this  style 
of  roofing  is  preserved  in  exact  proportion  to  its  distance  from 
manufacturing  districts. 

Iron  by  itself  also  becomes  readily  oxidized  in  this  acid  atmo- 
sphere. Bronze,  too,  is  rapidly  blackened,  and  articles  of  brass 
become  affected  to  a  great  depth,  losing  their  strength.  I  suppose 
the  sulphurous  acid  forms  on  the  surface  a  coating  of  sulphide  of 
copper,  whilst  a  sulphate  is  washed  away  if  exposed  to  rain. 

Carbon  on  the  surface. 

The  smoke  of  large  towns  is  guilty  of  an  offence  to  the  eye, 
and  through  the  eye  it  offends  us  both  intellectually  and  aesthe- 
tically; in  other  words,  the  darkness  and  gloominess  react  on  the 
character,  especially  of  those  not  accustomed  to  the  place,  in  such  a 
manner  as  to  make  them  distinctly  conscious  of  a  change ;  those 
accustomed  to  it  are  uol  conscious  of  the  effect,  nevertheless  it  acts 
upon  them  in  such  a  way  as  to  destroy  some  of  the  fine  instincts  of 
perception  of  natural  beauty.  But  this  is  a  long  subject  and  a 
difficult  one,  leaving  room  for  much  difference  of  opinion.  The 
actual  amount  of  carbon  on  the  surface  of  Manchester  buildings 
is  very  small.  It  collects  on  the  rough  surfaces  priucipall}^,  and 
when  mortar  is  put  roughly  on,  it  soon  becomes  perfectly  black, 
although  the  red  of  the  brick  should  remain  moderately  clear. 
Rough  bricks  also  take  it  up  in  greater  quantity,  and  become  black 
in  proportion  to  their  roughness. 

4'4  X  4      or  17'6  square  inches  gave  of  carbon  047  grains. 
3-    x2-7  or    8-1  ,^  0-02 

The  last  is  equal  to  0'45,  or  about  half  a  pound  in  a  house 
30  feet  by  30.  This  is,  I  believe,  a  great  deal  above  the 
mark ;  at  least  I  believe  a  house  will  appear  dingy  with  a  minute 
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portion  of  this.     The  experimen':  should  be  performed  on  a  larger 
scale. 

The  fact  that  the  rough  portions  retain  the  carbon  suggests  a 
cure,  viz. — smooth  bricks.  Polished  or  glazed  bricks  and  similar 
mortar  would  render  the  rain  capable  of  washing  the  carbon  off, 
but  certainly  it  Avill  be  much  better  not  to  allow  it  ever  to 
arrive  there.  The  importance  of  preserving  the  beauty  of  the 
original  materials  is  daily  increasing. 

Can  a  Cure  be  found  "^ 

A  cure  for  some  of  these  evils  ought  certainly  to  be  found. 
Already  one  cure  for  the  evils  connected  with  organic  matter  has 
been  made  known  to  us,  and  that  is  the  removal  of  the  impure 
matter  by  means  of  water.  If  disinfection  were  added  to  this,  it 
might  be  made  complete.  The  cure  of  the  black  carbon  or  smoke 
burning  is  in  the  hands  of  every  man.  The  smoke  is  always 
blacker  as  coal  is  cheaper.  Our  towns  are  not  in  earnest  on  the 
subject. 

For  the  amount  of  sulphur  in  the  air  there  has  never  been  any 
attempt  at  a  cure  by  any  one,  nor  has  it  been  generally  looked 
on  as  an  evil.  A  small  beginning  of  this  important  subject 
occurred  to  me  whilst  investigating  a  patent  obtained  by  Mr. 
Holme,  of  Manchester,  for  bleaching  smoke.  In  this  patent, 
Mr.  Holme  claims  the  use  of  lime  and  of  common  salt  mixed 
with  the  coals,  but  finding  lime  of  no  value  in  giving  the  pecu- 
liar white  colour  to  the  smoke,  he  gave  it  up,  and  used  salt 
only.  On  examining  the  effect  of  the  salt  upon  the  vapour,  I 
found  that  it  diminished  the  quantity  of  the  sulphurous  acid  given 
off,  and  on  examining  the  effect  on  the  ashes,  I  found  a  greater 
amount  of  sulphur  in  them  than  when  otherwise  treated.  I  give 
here  the  result  of  a  few  experiments  made  to  ascertain  the  action 
of  salt  and  bases. 

Amount  of  sulphur  driven  off  from  a  specimen  of  coal  by  dis- 
tillation:— 

Coal  alone. 

1.  At  a  low  red  heat,  0-4G92  per  cent,  of  sulphur. 

2.  At  a  higher  heat,  0-5655  „ 

3.  At  nearly  white  heat,         0-6755  „ 
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Coal  with  common  Salt. 

4.  Witli  5  per  cent,  salt,        0"4526  per  cent,  of  salplmr. 

5.  Ditto,  at  liiglier  heat,         0-4843  „ 

6.  Ditto,  nearly  white,  0*5557  „ 

This  makes  a  difference  of  18  per  cent,  in  the  amonnt  of  snlphur 
sent  oflF,  the  least  being  sent  off  by  the  mixture  of  common 
salt.  It  has,  in  fact,  been  long  known  that  sulphur  decom- 
poses common  salt,  at  least  when  the  elements  of  water  can  be 
readily  supplied,  but  still  more  may  we  expect  it  when  carbon, 
&c.,  assist. 

The  remainder,  or  cinder,  contained  : — 

From  No.  3         .  ,  0'4332  per  cent,  of  sulphur. 

From  No.  6        . .  0-5448  „ 

Finding  this  result,  it  occurred  to  me  that  lime  would  be  a  much 
more  efficient  substance  for  retaining  sulphur,  the  salt,  on  account 
of  the  white  fumes  given  out,  being  entirely  inadmissible.  I  dis- 
tilled some  coal  with  the  following  result: — 

Coal  distilled  alone         .        0-4338  per  cent,  in  the  distillate. 
Coal  with  5  per  cent,  lime     0-1754  „ 

Coal  with  10  per  cent,  lime  O'OSll  „ 

Coal  with  ditto  .  .      0-0616  „ 

It  results  from  this,  that  Mr.  Holme  had  in  his  lime  a  cure  for 
a  great  sanitary  evil,  but  not  knoAving  the  effects,  left  it  for  a  less 
valuable  substance,  I  do  not,  however,  propose  lime  as  a  bleacher 
of  smoke,  but  as  a  remover  of  sulphur;  and  I  think  some  mode 
of  using  this  property  may  on  inquiry  be  found.  The  moc^e  of 
using  it  requires  investigation,  and  many  questions  instantly 
suggest  themselves.  An  inquiry  by  a  public  body  would  pro- 
bably best  find  out  the  true  mode  of  application,  or  bring  to  light 
a  more  efficient  method. 
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XIX. — Mineralogical  Contributions. 

By    Dr.    Hugo     Muller. 

1. on  a  meteoric  iron   from  zacatecas  in  mexico. 

The  meteoric  iron  which  forms  the  subject  of  this  examinatiou 
was  brought  some  j^ears  ago  from  Zacatecas_,  where  it  was  the 
property  of  the  late  Marchese  Floresi  D'Arcais^  who  was 
Mining  Director  in  those  districts.  It  afterwards  passed  into  the 
hands  of  Mr.  Brice  AVright  of  London,  and  I  was  induced  to 
make  an  examination  of  it  for  the  purpose  of  ascertaining  whether 
this  iron  was  identical  with  that  formerly  brought  from  the  place 
mentioned  or  whether  it  ought  to  be  considered  as  new.  The 
label  which. accompanied  the  iron  merely  stated  that  it  came  from 
Zacatecas. 

The  piece  from  which  the  material  for  this  examination  was 
taken  was  of  an  irregular  shape,  it  weighed  about  twenty  pounds, 
and  was  evidently  cut  from  a  much  larger  mass,  from  which  it 
probably  projected.  Those  sides  which,  judging  from  the  black 
crust,  might  have  formed  some  part  of  the  original  sui'face,  were 
irregularly  impressed  and  rounded  at  the  edges. 

The  iron  is  soft,  tough,  and  difficult  to  break;  the  fractured 
surface  shows  a  highly  developed  laminated  structure.  The  polished 
surface  contains  irregular  and  circular  spots,  which  are  metallic, 
and  of  a  dark  bronze  colour ;  Avhen  it  is  tarnished  or  etched  there 
appear  bright  points,  which  are  generally  arranged  in  lines,  inter- 
secting each  other  in  various  directions.  An  oblique  and  intense 
illumination  sho^\s  the  intermixture  of  this  bright  substance 
throughou.t  the  mass  of  the  iron. 

The  etched  surface  does  not  exhibit  any  Widmanustettian  figures 
like  the  iron  from  Xiquipilco,  Durango,  and  others  coming  from 
Mexico,  but  presents  the  crystalline  appearance  of  tinned  iron 
when  subjected  to  the  action  of  an  acid  {moire  metatlique) ;  resem- 
bling in  this  respect  the  meteoric  iron  formerly  brought  from 
Zacatecas,  and  analyzed  by  Bergemann. 

The  iron  is  not  passive,  and  is  dissolved  with  facility,  even  in 
diluted  hydrochloric  acid,  when  slightly  warmed,  leaving  a  small 
insoluble  residue,  which,  however,  dissolves  entirely  in  aqua  regia. 
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The  dark  bronzc-coloiired  norlules  imbedded  in  tlie  iron  likewise 
dissolve  Avith  great  ease  in  dilute  acids^  ^vitli  evolution  of  sul- 
phuretted hydrogen,  and  behave  in  every  respect  like  nionosulphide 
of  iron. 

For  the  purpose  of  analysis,  the  iron  was  dissolved  in  a  small 
tubulated  retort  with  dilute  hydrochloric  acid,  and  the  hydrogen 
disengaged  was  passed  through  a  small  bulb  apparatus  filled  with 
nitrate  of  copper  in  order  to  absorb  the  sulphuretted  hydrogen. 
The  sulphur  was  finally  determined  as  sulphate  of  baryta. 

The  solution  of  the  iron  was  filtered  off  from  the  insoluble 
residue,  and  a  copious  stream  of  sulphuretted  hydrogen  passed 
through  the  liquid;  this  caused  a  yellow  precipitate  of  sulphur 
containing  a  trace  of  copper.  The  solution  was  now  oxidized  with 
chlorate  of  potash,  and  in  one  case  the  iron  was  separated  as  suc- 
cinate of  iron ;  in  another  experiment  it  was  precipitated  by 
carbonate  of  baryta.  In  the  former  case,  it  was  found  that  on 
washing  the  succinate  of  iron,  a  small  quantity  was  dissolved, 
which  fact  was  previously  observed  by  \V.  Clark  under  similar 
circumstances,  and  appears  to  be  due  to  the  presence  of  phosphoric 
acid ;  for  no  solution  took  place  in  an  experiment  carried  out  in 
precisely  the  same  way,  excepting  that  the  phosphoric  acid  had 
been  previously  removed. 

The  separation  of  phosphoric  acid  was  eff'ected  by  fusing  the 
oxide  of  iron  obtained  with  an  excess  of  carbonate  of  soda  and 
potash,  and  precipitating  the  phosphoric  acid  with  sulphate  of 
magnesia. 

The  use  of  succinic  acid  for  separating  the  iron,  necessitated  the 
application  of  sulphide  of  ammonium  for  precipitating  nickel, 
cobalt,  and  manganese,  which  operation,  under  circumstances  not 
yet  clearly  made  out,  is  rendered  very  difficult  and  troublesome 
on  account  of  these  metals,  especially  nickel  and  manganese, 
entering  partly  into  solution.  For  this  reason,  the  separation  of 
the  iron  by  means  of  carbonate  of  baryta  is  perhaps  preferable. 
I  have  satisfied  myself  that  iron  can  be  perfectly  separated  in 
the  latter  Avay  from  nickel,  cobalt,  and  manganese,  if  the  proper 
precautions  are  taken. 

Nickel  and  cobalt  were  separated  according  to  the  methods  of 
Liebig,  and  also  by  precipitating  the  cobalt  with  carbonate 
of  baryta,  from  the  solution  previously  treated  with  chlorine  or 
bromine. 
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The  numbers  obtained  were  as  follows : — 

I.  Analysis.  3-9393  iron  gave  5-064  oxide  of  iron,  0'2987 
oxide  of  nickel,  0-0314  oxide  of  cobalt^  and 
0-1.215  insoluble  residue.  Phosphorus  and 
silica  not  determined. 
II.  Analysis.  4-1240  iron  gave  5-377  oxide  of  iron,  0-3048 
oxide  of  nickel,  0-0219  oxide  of  cobalt,  00374 
pyrophosphate  of  magnesia,  and  0*0907  inso- 
luble residue.  Sulphur  and  silica  not  deter- 
mined. 
III.  Analysis.  3-9315  ii'on  gave  5-1042  oxide  of  iron,  0*2824 
oxide  of  7iickel,  0-0210  oxide  of  cobalt,  0*0327 
pyrophosphate  of  magnesia,  0-0196  silica, 
0*0210  sulphate  of  baryta,  and  0*1070  inso- 
luble residue. 

The  percentage  corresponding  to  these  numbers  is : — 

I.  II.  III. 

Iron     .         .         89-84  91*30  90*91 

Nickel           .           5*96  5*82  5*65 

Cobalt           .           0*62  0*41  0*42 

Phosphorus             -  0*25  0*23 

Sulphur       .            0-13  —  0*07 

Silica            .             —  —  0-50 

Copper         .           trace  trace  trace 

Magnesia    .           trace  trace  trace 

Insoluble  residue  3-08  2-19  2*72 


99*63  99*97  100*50 

For  further  examination  of  the  residue  which  is  left  when  the 
iron  is  dissolved  in  dilute  hydrochloric  acid,  the  whole  quantity 
resulting  from  the  different  analyses  was  first  subjected  to  a  pro- 
cess of  Icvigation,  by  which  means  a  black  flocculent  substance 
was  separated  from  a  heavy  shining  body,  which,  under  the 
microscope,  did  not  show  any  defined  form,  but  consisted  of  irre- 
gular pointed  and  flattened  particles,  of  the  colour  of  pure  nickel, 
and  possessing  all  the  characteristic  properties  of  Schreibersite. 
The  Hghter  black  flocculent,  as  well  as  the  heavy  and  shining 
substance  followed  the  magnet ;  and  indeed  by  carefully  applying 
the  magnet,  it  was  found  that  the  whole  of  the  original  residue 
was   magnetic.     The  black   flocculent  substance  was  present  only 
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in  very  miuute  quantity,  and  could  not  be  freed  entirely  from 
the  Sclireibsrsite.  Believing  it  tc  be  carbon  or  graphite  in  a  fine 
state  of  division,  I  treated  it  with  concentrated  In  drochloric  acid, 
in  order  to  remove  the  admixture  of  Sclireibersite ;  but  to  my 
great  astonishment,  it  disappeared  gradually,  the  vapours  of  the 
acid  indicating  the  presence  of  sulphuretted  hydrogen. 

This  result  clearly  shows  that  the  black  substance  is  not  graphite 
nor  any  other  form  of  carbon,  but  is  most  likely  some  sulphide, 
soluble  only  in  concentrated  hydrochloric  acid. 

Lastly,  the  heavy  shining  body  was  subjected  to  a  quantitative 
analysis.  It  dissolved  with  facility  in  aqua  regia  slightly  warmed, 
without  leaving  a  trace  of  insoluble  residue.  The  solution  was 
mixed  with  excess  of  carbonate  of  soda  and  potash,  evaporated  to 
dryness  and  fused,  in  order  to  remove  the  phosphoric  acid  at  once. 
The  further  operations  of  separating  the  other  constituents,  iron 
and  nickel,  were  carried  out  in  the  manner  above  described. 

0*5245  substance  gave  pyrophosphate  of  magnesium  0*2835. 
0*5620  oxide  of  iron. 
0*0965  oxide  of  nickel,  corresponding  to 

Iron         .          .         .         75  02 

Nickel     .         .         .         14*52 

Phosphorus      .          .          10*23 


99*77 


This  analysis  furnishes  an  additional  proof  that  the  substance 
termed  Schreibersite,  and  which  forms  a  characteristic  component 
of  almost  every  meteoric  iron,  is  of  very  variable  composition; 
the  quantities  of  iron,  nickel,  and  phosphorus,  which  are  the  prin- 
cipal constituents,  differ  very  materially  in  the  Schreibersite  of 
diflFerent  kinds  of  meteoric  iron. 

Before  concluding  this  account  of  my  experiments,  I  must  also 
mention  that  in  one  case  the  whole  of  the  hydrogen  given  off 
on  dissolving  the  iron  in  hydrochloric  acid  was  passed  through  a 
tube  filled  wnth  oxide  of  copper  whilst  in  a  state  of  ignition,  and  to  this 
was  attached  an  apparatus  containing  caustic  baryta.  This  solu- 
tion remained  perfectly  clear,  and  I  therefore  conclude  that  the 
hydrogen  did  not  contain  any  carburetted  hydrogen. 

In  another  experiment,  the  hydrogen,  after  having  been  freed 
from  sulphur  by  a  solution  of  acetate  of  lead,  was  passed  through 
a  narrow  glass  tube,  kept  redliot  during  the  whole  operation.     In 
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this  case  also,  no  deposit  was  formed  which  might  indicate  the 
presence  of  arsenic ;  nor  could  that  element  be  detected  in  the 
pyrophosphate  of  magnesia  obtained  in  the  analysis  of  the  iron. 

Neither  manganese  nor  chromium  was  found  in  this  meteoric 
irou^  and  none  of  the  minerals  insoluble  in  acids  which  are  some- 
times met  with  in  meteoric  irons  could  be  detected. 

On  comparing  the  results  of  this  examination  with  those 
obtained  by  Bergemann  in  analyzing  a  meteoric  iron  which  was 
formerly  brought  from  Zacatecas,*  it  becomes  evident  that  these 
meteorites  are  different.  Even  allowing  for  a  discrepancy  in  the 
quantities  of  the  constituents,  which  might  vary  with  the  irregu- 
larity in  which  the  schreibersite,  insoluble  sulphides  and  sulphate 
of  iron  are  distributed  in  the  nickeliferous  iron,  the  entire  absence 
of  carbon  or  graphite  and  chromic  iron,  which,  according  to 
Bergemann,  amount  to  0'49  for  carbon  and  1"48  for  chromic 
iron,  cannot  be  considered  accidental. 

The  accompanying  impression  is  a  faithful  representation  of  the 
appearance  of  an  etched  surface  of  this  iron,  and  is  obtained  from 
a  facsimile  in  electrotype.  The  straight  lines  indicate  the  arrange- 
ment of  the  particles  of  the  Schreibersite,  Avhilst  the  circular  and 
lenticular  dark  spots  represent  the  bronze-coloured  sulphide  of 
iron. 


II. ON   A    PECULIAR    PSEUDOMORPH    OF   CINNABAR 

FROM    POLA    DE    LENA    IN    ASTURIA,    SPAIN. 

Through  the  kindness  of  Mr.  Mason,  Mining  Engineer  of 
Bilboa,  I  obtained  a  specimen  of  cinnabar  associated  with  realgar, 
which  forms  a  principal  produce  of  the  Eugenia  Mine,  near  Pola  de 
Lena,  in  Asturia.  The  vein  of  this  ore  is  situated  in  carboniferous 
limestone. 

The  specimen  at  my  disposal  consisted  entirely  of  a  mixture 
of  realgar  with  cinnabar,  the  latter  being  irregularly  intergrown 
with  and  imbedded  in  the  realgar.  A  closer  examination  showed 
that  the  cinnabar  formed  distinct  crystals  of  a  considerable  size, 
which  became  more  apparent  on  removing  the  realgar  by 
mechanical  means,  or  by  boiling  with  nitric  acid,  which  readily 

*  W.  S.  Clark  on  Metallic  Meteorites,  page  28,  .1.  pr.  Chem.  Ixxi.  page  59. 
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dissolved  the  realgar.  These  crystals,  however,  are  not  of  the  form 
in  which  cinnabar  crystallizes,  but  are  tetrahedrons,  perfectly 
developed,  and  not  showing  any  modifications ;  they  occur  either  as 
solitary  individuals  or  clustered  together  in  groups.  Being  induced 
by  this  peculiarity  to  examine  the  matter  somewhat  more  closely, 
I  first  satisfied  myself  as  to  the  composition  of  the  crystals. 

The  material  for  analysis  was  heated  in  aqua  regia,  which  readily 
dissolved  it,  leaving,  however,  a  residue  of  sulphur.  The  solution 
was  freed  from  nitric  acid  by  boiling  with  hydrochloric  acid ;  the 
separated  sulphur  was  filtered  off;  and  the  sulphuric  acid  preci- 
pitated with  chloride  of  barium.  The  mercury  was  precipitated 
by  means  of  protochloride  of  tin. 

2-3360  substance  gave  1-9885  mercury,  0-1420  sulphur,  1-4075 
sulphate  of  baryta,  giving  the  percentage  as  follows  : — 

Theory. 

Mercury         .         85-12  86-2 

Sulphur  .         14-35  13-8 


99-47  100-0 

This  result  agrees  so  nearly  with  the  theoretic  formula  of 
cinnabar  as  at  once  to  establish  the  identity. 

Not  being  inclined  to  assume  a  dimorphism  of  cinnabar,  I  came 
to  the  conclusion  that  the  crystals  in  question  were  pseudomor- 
phous,  and  subsequently  I  had  the  satisfaction  to  find  complete 
confirmation  of  this  view  amongst  a  larger  quantity  of  these 
crystals  removed  from  their  matrix. 

In  the  first  place,  I  found  that  the  cleavage,  where  it  existed, 
was  in  no  way  connected  with  the  external  form ;  and,  moreover, 
the  silky  lustre  on  the  surface  of  the  crystals  was  not  at  all  in 
accordance  with  the  faces  of  a  tetrahedron;  in  the  second  place,  I 
found  a  crystal  of  considerable  size,  which  was  incomplete  on  one 
corner,  and  there  it  showed  how  it  was  built  up  by  the  infiltration 
of  cinnabar :  the  true  form  of  the  latter  in  minute  crystals  could 
be  distinctly  made  out. 

Taking  this  as  sufficient  proof  for  the  pseud omorphous  character 
of  these  crystals,  the  question  arises  as  to  what  mineral  the  form 
is  dei-ived  from.  On  this  point,  however,  I  cannot  express  any 
decided  opinion.  The  fact  that  the  smaller  crystals,  in  particular, 
are  so  well  developed,  might  suggest  that  fahlore  was  the  original 
mineral,   whilst   some   of  the   larger  crystals   in   their   mode   of 

VOL.  XT.  R 
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clustering  together  resemble  copper- pyrites.  The  difference  of  the 
angles  of  copper-pyrites  and  fahlore  might  serve  to  decide  this 
question ;  however,  unfortunately,  the  very  small  crystals  do  not 
possess  sufficient  brightness  for  a  reflecting  goniometer,  whilst  the 
faces  of  the  larger  crystals  are  not  true  enough  planes  to  show  an 
uniformity  in  the  measurement  of  different  crystals  with  a  common 
goniometer. 

The  analysis  of  the  realgar  in  Avhicli  these  pseudomorphs  are 
imbedded  furnished  the  following  numbers  : — 

1*2725  substance  gave  2-7825  sulphate  of  barj'ta,  2-2530 
arseniate  of  ammonia  and  magnesia  (2MgO,  NH^O,  AsOg  +  HO; 
dried  at  100°C),  corresponding  to  : — 

Theory. 

Sulphur  .         .         30-00  29-91 

Arsenic  .         .         70-25  70-09 


100-25  100-00 


III. — LIBETHENITE    FROM    CONGO    IN    PORTUGUESE    AFRICA. 

Some  distance  inland  from  Loanda,  near  a  place  called  Congo, 
there  is  situated  a  copper-mine  of  unusual  richness,  the  principal 
ore  of  which  is  malachite.  Through  the  kindness  of  Messrs. 
Pinto  and  Perez,  I  had  an  opportunity  of  looking  over  a  large 
sample  of  the  produce  of  this  mine,  brought  to  this  country. 

Amongst  large  lumps  of  pure  and  beautifully  banded  malachite, 
I  found  some  pieces  of  a  dark-olive  colour  and  cellular  structure, 
sprinkled  over  with  small  but  brilliant  crystals  of  the  same  colour. 
A  closer  examination  of  these  crystals  indicated  a  trimetric  form, 
resembling  that  of  olivenite  and  libethenite. 

A  perfect  identity  with  the  latter  species  was  demonstrated  by 
the  following  analysis. 

This  mineral  being  readily  soluble  in  dilute  nitric  acid  and  also 
in  ammonia,  two  analyses  were  made,  using  in  one  case  nitric  acid, 
in  the  other  ammonia  for  the  solvent.  In  both  cases  the  copper 
was  precipitated  by  sulphuretted  hydrogen  and  the  sulphide  of 
copper  converted  into  oxide.  From  the  filtrate  the  phosphoric 
acid  was  separated  in  the  usual  way  by  means  of  sulphate  of 
magnesia.     Besides  oxide  of  copper,  phosphoric  acid,  and  water. 
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no  other  element  could  be  detected ;  the  mineral  is  perfectly  free 
from  arsenic  acid.     The  water  was  determined  by  loss. 

I.  Analysis.    1"6685  substance  gave  1'1245  oxide  of  copper  and 
0*7465  pyrophosphate  of  magnesia. 

II.  Analysis.   1"2868  substance  gave  0"8590  oxide  of  copper  and 
0'5840  pyrophosphate  of  magnesia. 

Which  numbers  give  the  following  percentage. 


Kixhn  found  in 

Libetheuite  from 

Libethen 

Oxide  of  copper 

.     67-21 

66-76 

66-94 

Phosphoric  acid 

.     28-76 

29-02 

29-44 

Water       . 

.       4-03 

4-22 

4-05 

100-00 


100-00 


100-43 


IV. COLUMBFTE    FROM    EVIGTOKj    IN    THE    FIORD    OF    ARKSUT,    IN 


GREENLAND. 


This  occurrence  of  Columbite  was  discovered  a  few  years  ago  by 
Mr.  J.  W.  Taylor,  while  engaged  in  the  exploration  of  the  mineral 
productions  of  West  Greenland,  and  was  mentioned  by  him  in  a 
highly  interesting  paper  on  the  occurrence  of  Cryolite  and  its 
associates,  communicated  to  the  Geological  Society  of  London.^ 

The  columbite  of  this  locality  is  remarkable  for  its  well -developed 
and  highly  modified  crystallization,t  and  is  no  doubt  the  mo.st 
beautiful  variety  of  this  mineral  yet  found.  It  bears  at  first  sight 
a  considerable  resemblance  to  certain  specimens  of  tinstone,  the 
crystals  being  either  loose  or  clustered  over  pieces  of  decomposed 
feldspar  and  cryolite,  or  covering  the  sides  of  small  cavities  in  the 
latter  mineral. 

The  colour,  when  compared  with  that  of  the  columbite  of 
North  America  and  Bodenmais,  is  lighter  and  more  of  a  brownish 
black,  not  exhibiting  the  beautiful  iridescence  of  the  American 
columbite.  Thin  splinters  transmit  the  light  with  a  dark  reddish 
brown  colour;  the  streak  is  chocolate  brown. 

The  crystals  generally  are  inter  grown  [eingewachsen)  with  small 

*  Journal  Geological  Society,  vol.  xii.  Part  I.  page  140. 
f  Descloizeaux.     Ann.  des  Mineis. 

r2 
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crystals  of  feldspar  (albite?),  galena,  and  molybdenum,  and  when 
broken,  frequently  show  concentric  rings,  which  are  produced  by 
intersected  layers  of  a  siliceous  mineral.  It  therefore  becomes 
more  difficult,  than  would  appear  from  the  external  appearance  of 
the  crystals,  to  obtain  by  mechanical  means  only,  material  of  this 
columbite  pure  enough  for  analysis. 

On  treating,  however,  the  coarsely  powdered  mineral  with  cold 
hydrofluoric  acid,  and  subsequently  with  boiling  nitric  acid,  every 
visible  trace  of  foreign  matter  can  be  completely  removed. 

Warm  hydrofluoric  acid  dissolves  the  columbite  entirely. 

The  specific  gravity  of  the  purified  columbite  was  found  to 
be  5-40  -  5-42. 

The  analysis  was  carried  out  in  the  usual  way  by  fusing  the 
finely  powdered  mineral  with  bisulphate  of  potash,  treating  the 
resulting  sulphate  of  columbic  acid  with  sulphide  of  ammonium, 
for  the  purpose  of  separating  a  trace  of  tin,  and  lastly,  igniting  the 
columbic  acid  with  carbonate  of  ammonia,  to  remove  any  trace 
of  sulphuric  acid. 

3'0540  substance  gave  2*4048  columbic  acid  (niobic  acid), 
0*5650  oxide  of  iron, 
0*1682  sesquioxide  of  manganese, 
O'OOSO  oxide  of  tin  (containing  tungstic 
acid), 
which  numbers  give  the  following  percentage  : — 

Columbic  acid  (niobic  acid)  =z  78*74         78*56         79*0 

Protoxide  of  iron      .         .  =  16*40 

Protoxide  of  manganese  =  5*12 

Oxide  of  tin  and  tungstic  acid  =     0*16 


100*43 
neither  magnesia  nor  lime  could  be  detected. 

In  two  other  experiments,  78*56  and  79*0  of  the  metallic  acid 
were  obtained. 

It  will  be  seen  from  this  analysis  that  the  composition  of  this 
columbite  is  almost  identical  with  that  of  Middlcto wn,  U.  S.* 

•*  I  take  this  opportunity  to  correct  a  typographical  error  which  entered  into  the 
original  publication  of  the  analysis  of  Columbite  from  Tirscheureuth,  in  Bavaria,, 
which  I  made  some  years  ago.     It  should  be  : 

Columbic  acid  78'6,  protoxide  of  iron  IS'l,  protoxide  of  manganese  5-2,  oxide  of 
tin  0-17. 
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This  analysis  was  made  two  years  ago,  just  about  tlie  time  wlien 
tlie  paper  of  Hermann*  appeared,  in  Avliich  he  stated  that  the 
columbite  of  Bodenmais  contains  tantalic  acid.  As  he  also  gives 
a  mode  of  effecting  the  separation  of  this  acid,  I  made  some 
experiments  Avith  the  acids  of  this  columbite  to  ascertain  the 
absence  or  presence  of  tantalic  acid.  I  was  unsuccessful  in 
obtaining  any  definite  result;  nor  could  I  succeed  in  making  out 
any  two  different  acids  in  the  columbite  of  Bodenmais  in  the  way 
indicated  by  that  chemist.  In  the  meantime  T.  Oestenfhas 
taken  up  this  subject,  and  more  fully  entered  into  it;  he  likewise 
did  not  succeed  in  separating  tantalic  acid  from  any  of  the  true 
columbites :  and  he  altogether  denies  the  possibility  of  separating 
tantalic  acid  from  the  acid  of  the  columbites  in  the  Avay  described 
by  Hermann. 

In  conclusion,  I  offer  my  best  thanks  to  Mr.  Warren  De  La 
Rue,  in  whose  laboratory  these  analyses  were  carried  out. 


XX. —  Contributions  to  the  knowledge  of  the  Aniijl  yroup. 
By    Fkederick    Guthrie. 

I. — NITRITE  OF  AMYL  AND  ITS  DERIVATIVES. 

Nitrite  of  Aniijl—C^fyYi^fi,^0^.—K^  this  body  was  made  the 
starting  point  from  which  certain  new  compounds  were  formed, 
and  as  it  belongs  to  a  very  interesting  group  of  bodies  which  have 
not  been  much  studied,  I  shall,  in  the  first  place,  describe  some  of 
its  properties  which  have  hitherto  remained  unnoticed. 

Nitrite  of  amyl,  when  perfectly  dry,  boils  at  99°C.  in  a  glass 
vessel,  in  contact  with  platinum  wire,  under  a  pressure  of  756'^'»- 
A  small  quantity  of  moisture  depresses  the  boiling  point  two  or 
three  degrees,  apparently  by  diminishing  the  cohesion  of  the 
liquid. 

As  a  solvent,  nitrite  of  amyl  may  be  placed  between  oxide  of 
ahyl  and  bisulphide  of  carbon.  It  is  miscible  in  all  proportions 
with  these  liquids,  as  also  with  the  alcohols  and  ethers  lioth  single 
and  double,  with  benzol,  paraffin,  naphthalin,  and  the  hydro- 
carbons. It  dissolves  abundantly  the  fats,  oils  and  fatty  acids, 
and    disintegrates    gutta-percha    and    caoutchouc.      Svilphur    and 

*  J.  pr,  Chem.  Ixviii.  G5.  +  Fogg.  Ann,  ciii.  184. 
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phospliorus  are  dissolved  sparingly ;  gun-cotton  at  ordinary  tem- 
peratures and  pressures  remains  unaffected  by  it. 

One  of  the  most  prominent  of  its  properties  is  the  singular 
effect  of  its  vapour,  when  inhaled,  upon  the  action  of  the  heart* 
If  a  piece  of  bibulous  paper,  moistened  with  two  drops  of  the 
nitrite  of  amyl,  be  held  to  the  nostrils,  through  which  the  breath 
is  exclusively  drawn,  after  the  lapse  of  about  fifty  seconds,  a  sud- 
den throbbing  of  the  arteries  of  the  neck  is  felt,  immediately 
followed  by  a  flushing  of  the  neck,  temples  and  forehead,  and  an 
acceleration  in  the  action  of  the  heart.  These  symptoms  last 
for  about  a  minute  and  then  cease  as  suddenly  as  they  began. 
By  inhaling  the  vapour  from  the  above  quantity,  the  pulsation  of 
the  heart  may  be  raised  from  70  to  140  per  minute,  even  when 
absolute  rest  is  observed.  The  acceleration  becomes  painful  if  the 
inhalation  be  accompanied  with,  or  immediately  preceded  by, 
violent  muscular  exertion.  The  effect  is  still  more  marked,  if,  the 
nostrils  being  held  closed,  the  same  quantity  is  dropped  upon  the 
back  of  the  tongue,  and  the  breath  drawn  deeply  over  it.  To 
ascertain  the  effect  of  a  larger  quantity,  a  piece  of  cotton- ^ool 
was  moistened  with  about  twenty  drops,  and  being  placed  in  a 
paper  cone,  was  held  over  the  mouth  and  nostrils  of  a  rabbit.  The 
animal  did  not  offer  any  resistance.  On  removing  the  cone  after 
five  minutes,  no  signs  of  uneasiness  were  observed  until  twenty 
minutes  had  elapsed,  when  the  rabbit  sprang  up  and,  after  running 
about  for  a  few  seconds,  lay  down  on  its  stomach,  stretching  out 
its  legs.  The  protrusion  of  its  eyes  and  its  cries  showed  that  it 
suffered  pain.  The  power  of  voluntary  motion  seemed  almost  sus- 
pended, especially  on  the  left  side,  both  the  left  legs  being  either 
insensible  to  pain  or  incapable  of  motion. 

The  animal  appeared  to  have  recovered  completely  in  a  quarter 
of  an  hour  after  the  first  symptom.  Even  when  diluted  with  large 
quantities  of  air,  the  vapour  of  nitrite  of  amyl  has  a  very  un- 
pleasant effect  upon  the  head  if  breathed  for  a  long  time;  but 
beyond  a  very  slight  tendency  to  headache,  seems  to  be  without 
any  subsequent  injurioi;s  effect.* 

Two  points  are  worthy  of  note  in  the  above  experiments ;  firstly, 

*  It  may  be  proper  to  recall  the  fact  observed  by  Hofinann,  that  crude  nitrite  of 
amyl,  as  prepared  by  the  action  of  nitrous  acid  upon  amylic  alcohol,  contains  hydro- 
cyanic acid ;  this  must  of  course  be  removed  by  caustic  soda  before  experiments  such 
as  the  above  can  be  tried.  The  presence  of  this  impurity  was  probably  the  cause  of 
its  discoverer,  Balard,  attributing  to  nitrite  of  amyl  the  power  of  producing  violent 
headache.  No  such  effect  was  experienced  by  the  fifteen  or  twenty  students,  of  ages 
Tarying  from  fifteen  to  twenty-five,  whom  I  have  induced  to  try  it. 
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that  the  vapour  of  tlie  nitrite  of  amyl  has  a  diiferent  effect  from 
that  of  its  analogue  in  the  ethyl  series,  nitrite  of  ethyl,  the  active 
constituent  of  sweet  spirits  of  nitre,  having  rather  an  opposite  or 
soothing  effect.  Secondly,  that  the  time  required  to  attain  the 
maximum  effect  differs  in  the  cases  of  the  human  subject  and  the 
rahbit ; — the  former,  as  mentioned,  occurring  in  fifty  seconds,  the 
latter  in  twenty  minutes.* 

If  a  few  drops  of  nitrite  of  amyl  be  heated  in  a  flask  till  their 
ebullition  has  expelled  all  the  air,  and  the  heat  be  still  applied 
after  all  the  liquid  has  disappeared,  a  slight  detonation  occurs, 
accompanied  by  the  livid  flame  of  burning  nitrogen  compounds. 
This  is  doubtless  due  to  the  partial  combustion  of  the  vapour  of 
the  body  at  the  expense  of  its  own  oxygen.  To  determine  the 
precise  temperature  at  which  this  decomposition  occurs,  a  bath  of 
fusible  metal  with  inserted  thermometer  was  gradually  heated, 
and  the  nitrite  of  amyl  allowed  to  drop  upon  it  at  regular  intervals 
of  such  magnitude  that  the  disturbance  of  temperature  due  to  its 
evaporation  might  be  supposed  unimportant.  As  soon  as  the  liquid 
took  fire  on  coming  into  contact  with  the  heated  metal,  the  tem- 
perature was  alternately  depressed  and  elevated  through  the  ob- 
served point.  In  this  way  the  temperature  260°C.  was  found  to 
be,  within  a  few  degrees,  that  necessary  and  sufficient  to  determine 
the  combustion.  Spongy  platinum  placed  upon  the  surface  seemed 
to  exercise  no  influence  upon  the  temperature  required  to  effect 
the  decomposition. 

Action  of  nascent  Hydrogen. — It  was  to  be  expected  that  a  body 
holding  somewhat  loosely  a  highly  oxidized  group,  the  latter  being 
itself  of  unstable  character,  would  undergo  some  change  in  the 
presence  of  nascent  hydrogen.  Into  a  flask  provided  with  a  funnel- 
and  exit-tube  and  containing  three  ounces  of  granulated  zinc,  an 
ounce  of  the  nitrite  of  amyl  was  introduced ;  to  this  three  ounces 
of  alcohol  at  50°B.  were  added,  and  then  a  mixture  of  equal  parts 
of  sulphuric  acid  and  water  allowed  to  enter  slowly.  The  exit- 
tube  was  brought  into  a  flask  surrounded  by  a  freezing  mixture 
and  the  decomposition  flask  was  immersed  in  cold  water.  When 
the  zinc  was  nearly  dissolved,  the  apparatus  was  disconnected. 
On  adding  water  to  the  contents  of  the  decomposition  flask,  an 
oily  liquid,  lighter  than  water,  was  separated,  which  on  drying  and 
rectifying  gave  a  product  boiling  at  132*'C.  Burnt  with  oxide  of 
copper,  0'3432  of  this  gave  0-8602  of  carbonic  acid  and  0-1312  water. 

*  It  is  probable  that  this  body  may  find  an  application  in  medicine  as  a  resuscitative, 
as  in  cases  of  suffocation,  drowning  or  protracted  fainting. 
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Calculated.  Found. 

Cio         ..  68-18  68-36 

Hi2         ..         13-64  13-96 

It  was  therefore  amylic  alcoliol.  The  aqueous  solution  from 
which  it  separated  was  evaporated  to  dryness  with  metallic  zinc. 
The  dry  mass  was  shown  to  contain  mere  traces  of  organic  matter, 
it  consisted  essentially  of  sulphate  of  zinc  and  sulphate  of  am- 
monia. The  contents  of  the  artificially  cooled  flask  boiled  on  the 
application  of  the  heat  of  the  hand.  It  was  distilled  from  a  water 
bath  at  40°.  0-3415?''^-  gave  on  analysis  0'4606  carbonic  acid, 
and  0-2168  water. 

Calculated.  Found. 

C4         ..  32-00  36-78 

H5        . .  6-66  7-05 

N 

O4 
being  therefore  nitrite  of  ethyl  containing  alcohol.  It  has 
all  the  physical  properties  of  such  a  liquid,  and  on  boiling  with 
alcoholic  solution  of  caustic  potash,  yields  nitrite  of  potash  and  a 
liquid  wholly  miscible  with  water.  Tliere  are,  therefore,  in  the 
first  place,  two  simultaneous  recompositions ;  the  one,  the  for- 
mation of  the  amylic  alcoliol,  being  due  to  the  action  of  the  nascent 
hydrogen ;  the  other,  the  formation  of  the  nitrite  of  ethyl,  being 
caused  by  the  reaction  upon  the  ethylic  alcohol  of  the  nitrous  acid, 
as  it  is  driven  out  of  combination  by  the  mineral  acid  employed. 

I.  C,oH„0,N03  +  Zn  +  HO.SOg  =  ZnCSOg  +  CigHnO.HO  +  NO, 
II.  C4H50,HO+CioH,jO,N03  +  2HO,S03  =  HO,CioH,iO,2S03+2h6+C^H50,N03. 

But  neither  reaction  stops  here :  the  nitric  oxide  of  the  first  is 
hydrogenated  to  ammonia,  and  the  amylosulphuric  acid  of  the 
second  is  decomposed  as  soon  as  formed.  The  above  two  curious 
reactions  are  of  course  independent  of  one  another  and  the  latter 
may  be  almost  entirely  prevented  by  using  very  dilute  sulphuric 
acid.  It  is  noteworthy,  in  the  above  reaction,  that  a  body,  nitrite 
of  ethyl,  is  formed  which  is  decomposable  in  alcoholic  solution  by 
sulphuric  acid.  That  it  nevertheless  escapes  decomposition  is 
evidently  owing  to  its  volatility,  by  virtue  of  which  it  is  removed 
as  soon  as  formed  from  the  field  of  chemical  change. 

Metallic  Potassium  eff'ects  an  analogous  reaction  as  far  as  the 
formation  of  amylic  alcohol  is  concerned. 

Action  of  Chlorine. — On  passing  pure  and  dry  chlorine  through 
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nitrite  of  amyl  in  an  inverted  retort  connected  with  a  condenser, 
lieat  was  evolved  and  hydrochloric  acid  liberated,  the  contents  of 
the  retort  changing  in  colour  in  succession  from  pale  yellow  to 
ruby  red,  olive  green,  and  finally  to  pale,  almost  invisible  green. 
The  action  was  stopped  at  this  point  and  a  portion  of  the  liquid 
being  warmed  and  filtered  to  remove  a  small  quantity  of  chloride 
of  ammonium  which  separated  out,  was  analysed.  0*2920g'^'  gave 
0-0930S"^-  chloride  of  silver,  0-2039?°^-  gave  0'0707s^'  chloride  of 
silver.  The  two  portions  were  from  two  separate  preparations ; 
the  first  contained  accordingly  7*90  and  the  second  8'60^er  cent. 
of  chlorine.  These  numbers  correspond  most  nearly  with  a  substi- 
tution of  one  atom  of  chlorine  for  hydrogen  in  three  atoms  of 
the  nitrite.  This  body  has  the  specific  gravity  0-909,  but  it  is 
probably  a  mixture  of  the  body  next  to  be  described,  with  unde- 
composed  nitrite  of  amyl.  If  the  current  of  chlorine  be  continued 
through  the  above  liquid  and  its  action  be  assisted  by  the  heat  of 
a  water-bath,  fm'ther  evolution  of  hydrochloric  acid  results.  When 
this  has  ceased,  and  the  liquid  and  exit  tubes  show  the  presence 
of  free  chlorine,  the  action,  as  far  at  least  as  it  goes  in  diffused 
daylight  is  complete.  The  contents  of  the  retort  are  then  shaken 
up  with  mercury  and  dilute  ammonia  to  remove  the  excess  of 
chlorine  and  hydrochloric  acid,  and  dried  over  sulphuric  acid  in 
vacuo.  0-4561sn^s.  gave  0-6109&™s-  carbonic  acid  and  0-2436g"is. 
water.  0-2633g™s-  gave  0-3S7oS^^'  chloride  of  silver.  The  liquid 
has  therefore  the  composition  : — 


Calculated. 

Found. 

Cjo   . 

.     GO          32-26 

30-53 

11,     . 

9            4-84 

5-93 

CI.,     . 

.     71          38-20 

36-39 

N 

O4 

The  above  numbers  show  that   the  replacement  was  not  quite 

complete;   the  substance  analysed  had  been  exposed  for  two  hours 

to  a  rapid  current  of  chlorine.     This  body  is  the  nitrite  of  bichlor- 

C     H   1 
amyl,       '"ni^  f  0,N03 :  that  is,  the  nitrite  of  amyl  wherein  two 

atoms  of  hydrogen  are  replaced  by  chlorine.  Nitrite  of  bi- 
chloramyl  is  a  transparent  colourless  liquid  of  peculiar  pine-apple 
odour,  and  very  bitter  and  persistent  taste.  It  is  nou-miscible 
with,  and  undecomposed  by  water  :  its  specific  gravity  at  12°C.  is 
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1*2333.*  It  is  not  volatile  without  partial  decomposition.  On 
distillation  it  begins  to  boil  at  90°C.  The  boiling  point  rises 
to  200°C.  :  when  this  temperature  is  reached,  the  distillate  is 
colom'less,  the  residue  black.  Both  are  heavier  than,  non-mis- 
cible  with,  and  undecomposed  by,  water. 

Action  of  Phosphorus. — In  the  cold  or  at  temperatures  just 
sufficient  to  melt  phosphorus,  nitrite  of  amyl,  as  mentioned  above, 
acts  as  a  solvent.  But  at  a  temperature  above  this  and  below  the 
boiling  point  of  the  nitrite,  a  true  chemical  action  commences,  the 
basis  of  which  is  the  oxidation  of  the  phosphorus  at  the  expense 
of  the  oxygen  of  the  organic  nitrite.  When  the  action  has  once 
commenced,  which  is  seen  by  the  evolution  of  a  permanent  gas, 
sufficient  heat  is  evolved  to  carry  it  on  without  the  application  of  ex- 
ternal heat.  If  some  ounces  of  the  nitrite  be  employed,  the  tempe- 
rature towards  the  end  rises  to  121°C.,  soon  after  which  the  action 
ceases  abruptly.  In  order  to  trace  this  reaction,  weighed  quan- 
tities of  nitrite  of  amyl  and  of  phosphorus  were  employed,  and  the 
evolved  gas  was  passed  through  two  bulb  wash- tubes,  the  first 
containing  alcohol  and  the  second  water,  and  then  through  a 
chloride  of  calcium  tube.  The  three  tubes  were  all  weighed.  The 
flask  containing  the  phosphorus  and  the  nitrite  was  immersed  in 
a  water,  bath,  the  temperature  of  which  was  so  regulated  as  to  effect 
a  regular  disengagement  of  gas.  When  the  reaction  was  finished, 
the  residual  phosphorus,  the  liquid  residue  in  the  flask,  and  the 
three  tubes,  were  again  weighed.  In  an  experiment  of  this  kind, 
after  making  the  proper  corrections,  it  was  found  that  18*53s"»*' 
of  nitrite  of  amyl  were  acted  on  by  2"00s™S"  of  phosphorus.  As 
16"00s'°^*  of  residual  liquid  remained  in  the  flask,  it  follows  that 
4-53gms.  Qf  gag  i^^^  been  evolved ;  bat  as  the  gas  so  formed  still 
contained  organic  matter,  the  latter  number  is  probably  somewhat 
too  high.  The  gas  was  collected  over  mercury,  and  washed  first 
with  alcohol,  then  with  water.  The  portion  first  collected  con- 
tained about  70  per  cent,  of  nitrogen,  4  per  cent,  of  nitric  oxide, 

*  The  following  simple  device  may  be  sometimes  conveniently  employed  in  deter- 
mining the  specific  gravity  of  small  quantities  of  liquids  which  are  neither  miscible 
with,  nor  decomposed  by  water,  and  whose  specific  gravities  do  not  gi'eatly  exceed  unity 
(say  from  1  to  2).  A  single  drop  of  the  liquid  to  be  examined  is  brought  into  a  tall 
cylinder  glass  containing  a  little  water,  and  immersed  in  a  large  beaker  glass.  A 
strong  clear  solution  of  chloride  of  calcium  is  added  in  small  quantities  at  a  time,  care 
being  taken  not  to  break  tlic  drop  of  the  liquid  being  examined,  and  to  allow  the  solu- 
tion to  regain  the  temperature  of  the  surroiuiding  water.  When  such  quantity  has 
been  added  that  the  drop  Is  in  indiifcrent  equilibrium,  the  specific  gravity  of  the  chlo- 
ride of  calcium  solution  is  taken  in  the  ordinary  way  with  the  specific  gravity  bottle, 
and  it  is  of  course  identical  with  that  of  the  liquid  under  examination. 
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and  26  of  nitrons  oxide  :  the  latter  portions  were  richer  in  nitrous 
oxide.*  The  reaction  is  therefore  not  a  simple  one.  In  two 
other  experiments,  in  which  the  gas  was  not  passed  through  wash- 
tuhes,  1  part  by  weight  of  phosphorus  gave  rise  to  8,  and  to  6' 7 
of  residual  liquid  respectively. 

The  residual  liquid  was  exposed  to  the  air  for  several  weeks  to 
oxidize  the  free  phosphorus  which  it  held  in  solution,  then  heated 
to  150°  to  expel  any  unchanged  nitrite  of  amyl,  and  finally  re- 
peatedly dissolved  in  alcohol  and  reprecipitated  by  water  and  dried 
in  vacuo  over  sulphuric  acid.  Thus  purified,  a  light  brown  oily 
liquid  is  obtained,  wliich  is  quite  insoluble  in,  and  undecomposed 
by,  water.  Its  specific  gravity  at  20°C.  is  1*03:  but  it  expands 
more  rapidly  than  water,  and  at  70°C.  has  the  specific  gravity  1. 

On  analysis  it  showed  the  following  composition  : — 

•5470^'^-  gave  -9598^™-  carbonic  acid  and  •li58g'n-  water 

•467Gg"^-  gave  •8102g"i-  carbonic  acid  and  -SSSoS^^-  water 

•4702?™'  gave  •1989§''"'  pyrophosphate  of  magnesia 

•1947&'»-  gave  -OllCg"*-  nitrogen. 

These  numbers  agree  best  with  the  formula  C2„  H23  PNOg. 


12-08         — 
—  G.O 


It  is  difficult  to  see  what  the  rational  formula  of  this  body 
should  be.  Until  some  further  light  be  thrown  upon  it,  it  may  be 
called  amy lonitro  phosphoj'ous  acid.  It  may  be  heated  to  160°C. 
without  decomposition ;  above  this  temperature  it  blackens  and 
gives  oft  hydride  of  amyl. 

AmyJo-yntrophosphite  of  potash  is  prepared  by  digesting  the  acid 
with  alcoholic  solution  of  caustic  potash,  passing  carbonic  acid 
through  to  neutralize  the  excess  of  potash,  digesting  with  alcohol, 
filtering  and  evaporating.  Dried  in  vacuo  over  sulphuric  acid,  it 
is  a  yellowish,  finally  granular,  highly  deliquescent  body,  soluble 
in    water  and   alcohol.      Dilute   mineral   acids    separate   out  the 

*  The  presence  of  nitrous  oxide  enabled  me  to  determine  tlie  nitric  oxide  by  com- 
bustion with  hydrogen. 
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organic  acid  in  heavy  drops.     Heated  by  itself  it  swells  up  and 
finally  deflagrates. 

The  baryta,  silver,  lead,  and  copper  salts  are  prepared  from  the 
potash  salt  on  adding  a  soluble  salt  of  the  respective  bases.  They 
are  all  precipitated  at  first  as  light,  flocculent,  amorphous  bodies. 
On  agitating  or  warming  them,  they  adhere  together,  forming 
tenacious  gummy  substances,  which  become  dry  and  brittle  under 
the  air-pump.  The  silver  salt  cannot  be  dried  without  partial 
decompositioD.  Analysis  showed  all  the  above  salts  to  be  bibasic, 
with  the  exceptioQ  of  the  lead  salt,  which  gave  discordant  results 
on  analysis,  and  whose  composition  is  therefore  doubtful.  The 
acid  is  separated  from  all  its  salts  on  the  addition  of  sulphuric  or 
hydrochloric  acid. 


XXI. — On  Ammonia  and  its  Derivatives. 

A  Discourse  delivered  to  the  Members  of  the  Chemical  Society  of 

London. 

By  Professor  Hofmann. 

{June  17,  1858.) 

The  labom-s  of  inquirers  in  the  field  of  Organic  Chemistry,  dui-ing 
the  last  ten  years,  have  been  marked  by  the  attempt  to  refer  the 
constitution  of  the  numerous  vegetal  and  animal  substances  and  of 
their  artificial  derivatives  to  a  comparatively  small  number  of 
forms,  the  prototypes  of  which,  such  as  sea-salt,  water,  and  am- 
monia, are  to  be  foimd  in  Mineral  Chemistry.  With  the  majority 
of  substances.  Chemists  have  been  more  or  less  successful,  but  the 
constitution  of  a  great  number  of  bodies  remains  doubtful,  their 
type  remains  as  yet  uncertain;  in  many  this  type  is  altogether 
unknown. 

Among  the  several  typical  classes  into  which  organic  compounds 
are  thus  divided,  the  ammonia-group  stands  foremost  for  its 
richness,  the  diversity  of  its  members,  the  number  of  connect- 
ing links  which  establish  a  passage  from  the  ammonia-type  to 
other  types,  and  lastly,  for  the  remarkable  extent  and  precision 
which  characterise  our  knowledge  of  most  of  its  members.  The 
derivatives  of  ammonia  include  within  their  ranks  substances  of 
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the  most  opposite  chemical,  physical,  and  physiological  charac- 
ters,— well-defined  acids,  neutral  bodies,  and  the  endless  variety 
of  artificial  and  natural  organic  bases ; — they  are  capable  of  be- 
coming, by  tlie  simple  accession  of  the  elements  of  water,  or  by 
the  assimilation  of  acids,  representatives  of  the  water- type,  or  of  the 
chloride-of-sodium-typcj — and  lastly,  they  are  intimately  connected 
with  a  numerous  group  of  analogous  bodies,  containing  phosphorus, 
arsenic,  and  antimony.  Thus,  the  ammonia-derivatives  ramify  into 
the  most  interesting  parts  of  chemical  science,  the  progress  of 
which  is  inseparably  linked  with  their  history. 

In  the  following  remarks,  1  propose  to  take  a  survey  of  the 
chemistry  of  ammonia;  but  owing  to  the  almost  boundless  ex- 
tent of  the  field  over  which  I  shall  have  to  travel  in  a  compara- 
tively short  time,  I  must  limit  myself  to  a  rajjid  sketch  of  the  most 
prominent  features  of  the  ground.  Losing  sight  altogether  of  the 
physical  characters  of  the  ammonia-derivatives,  and  avoiding  all 
details  of  their  preparation,  I  shall  endeavour  to  classify  them  in 
accordance  with  the  present  aspect  of  science,  and  to  show  the 
relation  in  which  they  stand  to  their  prototype,  alluding  at  the 
same  time  briefly  to  the  sources  from  which  they  are  obtained. 

The  unusually  great  number  of  the  derivatives  of  ammonia  is 
chiefly  due  to  the  peculiar  construction  of  this  body.  Chemists 
unanimously  agree  in  assuming  that  the  molecule  of  ammonia 
contains  one  molecule  of  nitrogen  and  three  molecules  of  hydrogen. 
Of  these  three  molecules  of  hydrogen,  one,  two,  or  three  may  be 
replaced  by  other  molecules,  simple  or  compound.  This  circum- 
stance alone  must  raise  the  number  of  bodies  belonging  to  the 
ammonia-type  far  above  that  of  any  other  class  of  substances.  But 
experiment  has  proved  that,  under  the  influence  of  agents  apt  to 
replace  more  or  less  hydrogen,  two,  three,  four,  and  probably 
even  five  molecules  of  ammonia,  are  capable  of  coalescing  into 
molecules  of  a  higher  order,  in  which  two,  three, — twelve,  or 
perhaps,  even  fifteen  molecules  of  hydrogen  are  now  found  to 
be  exchangeable  for  other  molecules.  Again,  the  analogues  of 
ammonia  in  the  phosphorus-,  arsenic-,  and  antimony-series,  (phos- 
phoretted,  arsenetted,  and  antimonetted  hydrogen), — bodies  whose 
constitution  is  exactly  similar  to  that  of  ammonia, — furnish  each  a 
number  of  derivatives  not  inferior  probably  to  those  of  ammonia 
itself,  which,  in  the  general  conception  of  the  question,  cacnot  be 
separated  from  ammonia.  Under  special  circumstances,  ammonia 
seems  to  have  the  power  of  associating  with  its  phosphoretted. 
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arsenetted,  and  antimonettcd  analogues,  so  as  to  form  molecuL 
of  a  higher  order,  containing  simultaneously  nitrogen  and  phos- 
phorus, nitrogen  and  arsenic,  nitrogen  and  antimony,  perhaps  even 
three  or  four  of  these  elements.  It  is  obvious  that  here  are  the 
conditions  for  the  formation  of  a  group  of  compounds,  the  number 
and  variety  of  which   are  beyond  the  boldest  imagination. 

The  derivatives  of  ammonia  may  be  at  once  divided  into  two 
large  groups,  namely  : 

A.  Bodies  in  which  the  chemical  character  of  ammonia  is  pre- 
served, and 

B.  Bodies  in  which  the  chemical  character  of  ammonia  has 
become  extinct. 

The  first  class  embraces  that  large  number  of  compounds  known 
as  organic  bases,  many  of  which  are  elaborated  in  animals  and 
plants  (animal  and  vegetal  alkaloids),  whilst  the  greater  number 
are  produced  in  the  laboratory  (artificial  bases).  This  class  is 
often  designated  by  the  general  term  Amines,  which  may  again  be 
subdivided  into  Monamines,  Diamines,  Triamines,  Tetramines, 
etc.,  according  as  they  are  derived  from  1,  2,  3,  or  4>  molecules 
of  ammonia.  The  second  class  consists  of  neutral  bodies,  mostly 
produced  by  artificial  processes,  comparatively  few  terms  of  this 
group  having  been  met  with  in  the  animal  or  vegetal  organism. 
They  are  distinguished  by  the  general  designation  Amides,  and 
may  be  similarly  subdivided  into  Monamides,  Diamides,  Triamides, 
Tetramides,  etc. 


A.  Amines. 

a.  Monamines. 

b.  Diamines. 

c.  Triamines. 

d.  Tetramines. 


B.  Amides. 

a.  Monarnides. 

b.  Diamides. 

c.  Triamides. 

d.  Tetramides. 


This  classification,  although  far  from  embracing  every  individual 
member  of  the  host  of  ammonia-derivatives,  either  known  or  con- 
ceivable, may  nevertheless  serve  as  a  thread  to  guide  us  thi'ough 
the  intricacies  of  this  labyrinth. 

A.  Amines. 

a.  Monamines. 

By  this  term  we  designate  a  very  numerous  class  of  bodies  de- 
rived from  one  molecule  of  ammonia,  bodies  in  which  the  basic 
character  of  this  substance,  its  power  of  combining  with  acids,  is 
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preserved.  Some  of  these  bodies  are  found  in  nature ;  but  the 
majority  have  been  obtained  by  artificial  processes,  some  of  which  are 
of  very  general  applicability,  and  admit  of  producing  an  almost  un- 
limited number  and  variety  of  this  class  of  substances.  The  mona- 
mines  may  be  again  classed  into  three  sub-divisions,  according  to 
the  number  of  hydrogen-equivalents  in  the  ammonia -molecule, 
which  are  replaced.  We  distinguish — a.  Primary  Monainines, 
derived  from  one  molecule  of  ammonia  by  the  substitution  of  a 
radical  for  1  equiv.  of  hydrogen ;  /3.  Secondary  Monamines,  by 
the  substitution  of  radicals  for  2  equivs.  of  hydrogen;  and 
7.  Tertiary  Monamines,  derived  from  ammonia  by  the  substitution 
of  radicals  for  the  3  equivs.  of  hydrogen.  These  three  subdivi- 
sions may  be  represented  by  the  following  general  formulae : 
Primary  Monamines.        Secondary  Monamines.         Tertiary  Monamines. 

A)  A)  A^ 

H^N  5VN  5VN 

pi)  h)  c) 

All  the  terms  belonging  to  these  three  groups  are  true  ammo- 
nias. They  combine  with  the  hydrogen-acids,  and  with  the  so- 
called  hydrated  oxygen-acids  without  elimination  of  water,  forming 
saline  bodies,  generally  of  well-defined  character.  Their  hydro- 
chlorates  yield,  with  bichloride  of  platinum,  with  terchloride  of  gold, 
with  chloride  of  mercury,  and  many  other  chlorides,  a  series  of 
very  characteristic  salts,  which  have  often  been  studied  with  the 
view  of  fixing  the  nature  of  the  organic  constituent.  Nearly  all 
the  monamines  are  volatile,  their  boiling  points  being  lower  or 
higher  according  to  the  number  of  hydrogen-equivalents  replaced, 
and  according  to  the  nature  of  the  compound  molecules  by  which 
the  substitution  is  effected.  Nearly  all  these  bodies  are  charac- 
terised by  a  peculiar  odom',  frequently  resembling  the  odour  of 
ammonia,  but  likewise  considerably  modified  by  the  degree  and 
nature  of  the  substitution.  Most  of  these  bodies,  when  in  con- 
tact with  water,  exhibit  the  alkaline  reaction  of  ammonia,  which 
is  however  considerably  diminished  in  some,  and  altogether  lost 
in  others. 

In  the  following  tables  we  have  united  some  of  the  most  inter- 
esting terms  of  the  three  classes  of  monamines  : 


a.  Primary  Monamines. 


C2  H3' 


Methylamine.     .     .     .     Cj  H^  N         =         H   VN 
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Ethylamine     .     .     . 


C4  H,  N 


C4  H,^ 


Amylamiue 


=        H  VN 

C,oH,3N  =         H     U 

H     I 


Allylamine Cg  H^  N 

Phenylamine  (Aniline)  .     C 12117  N 
Chlorphenylamiue     . 
DichlorpTienylamine 
Nitroplienylamine     . 
Tolylamine  (Toluidine)       Cj^Hg  N 


^6    ^^)     .T 

=        H  VN 
H) 

=         H   VN 
H 


Ci,(H,Cl;) 

Ci.Hg  CI  N    =  H        y  N 

H        ) 

C12H5CI2N    =  H  ^N 

H 


Ci2(H,,N0,) 
C,,ll,^\0,    =         H 
H 


H  V-N 
H 


N 


Naplitylamine 


C20H9  N 


=        H   VN 
H 


A  glance  at  this  table  shows  that  the  molecules  replacing 
the  hydrogen  in  ammonia  are  chiefly  hydrocarbons  ;  we  meet, 
almost  exclusively,  with  radicals  of  well-established  alcohols,  partly 
fatty,  partly  aromatic.  The  hydrogen  of  these  radicals  may  be 
partly  exchanged  for  chlorine,  bromine,  iodine,  and  the  elements  of 
hyponitric  acid,  as  seen  in  chlorphenylamine,  dichlorphenyla- 
mine,  and  nitroplienylamine ;  but  the  basic  character  of  these  se- 
condary substitution- products  is  always  considerably  impaired. 
Chlorphenylamine  is  a  much    weaker   base    than  phenylamine ; 
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the  saline  compounds  of  dichlorphenylamine  undergo  decom- 
position even  by  water,  whilst  trichlorphenylamine 

Ci^H^Cl^N  =         H         V  N 
H         j 

is  no  longer  capable  of  combining  with  acids.  In  a  similar 
manner,  nitrophenylamine  is  much  weaker  than  phenylamine ; 
and  dinitrophenylamine 

(C,,H3  LNO,],)) 
Ci^H^N^O^  =        H  ^  N 

is  a  perfectly  neutral  body. 

In  some  of  the  monamines,  the  replacing  molecules  are 
oxygenated.  As  illustrations,  the  following  substances  may  be 
quoted  : 

C,  H3  O,  ) 
Glycocine  (Glycocoll)  .     .     C^  H5  N  O4    =         H  V  N 

(Acetamic  acid)  H  } 

Alanine     ......     Cg  H,  N  O^    =         H  ^N 

(Propionamic  acid)  H  ) 

Leucine     ......     C.^Hys^  O,  =         H  V  N 

(Capronamic  acid)  H  ) 

Benzamic  Acid .     .     .     .     C^^H,  N  O ,    =         H         V  N 

C16H7  0(i  "i 
Anisamic  Acid    ....     C.^Rg  N  Og  =         H  V  N 

In  the  primary  monamines  of  this  description,  the  basic  charac- 
ter is  very  feebly  developed.  In  fact,  these  bodies  are  inter- 
mediate between  acids  and  bases;,  in  many  of  them,  such  as 
benzamic  and  anisamic  acids,  the  basic  nature  has  been  only  re- 
cently established. 

VOL.  XI.  S 
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/3.  Secondary  Monamines. 
Dimethylamine        C4  H,  N  =  C2  H3  V  N 

Diethylamine.      .     Cg  HuN  =   C^  H5  V  N 

H    j 

Diamylamine      .     C20H23N  =   Cj^Hj^  V  N 

•H    ) 

C2N    ) 
Cyan-ethylamine     Cg  Hg  Ng  =   C4  H5   V  N 

Ethyl-plienylamineCigHiiN  =   C12H5   VN 

Cetyl-phenylamine  C44H3gN   =   C32  H33  >-  N 

H    j 

C4  H5  ) 

Ethyl-tolylamine     CisHi3N   =   Ci^  H^  VN 

H   ) 

The  group  of  secondary  monamines  embraces  several  bodies,  the 
constitution  of  which  is  not  so  clear  as  that  of  the  substances  given 
in  the  preceding  table.  By  a  method  which  will  be  more  fully  dis- 
cussed hereafter,  it  has  been  experimentally  demonstrated  that 
piperidinc  is  a  secondary  monamine  ;  but  we  are  unacquainted  with 
the  nature  of  the  radicals  which  are  substituted  for  the  3  equivs. 
of  hydrogen ;  we  even  do  not  know  whether  these  2  equivs.  of 
hydrogen  are  replaced  by  2  monatomic  radicals,  or  by  one  molecule 
of  diatomic  substitution-power.  The  latter  view  is,  in  fact,  the 
simpler  one ;  we  therefore  assume  in  piperidinc  a  diatomic  radical 
CjqHjq  (piperyl),  aiid  adopt,  until  further  researches  have  thrown 
additional  light  upon  this  substance,  the  formula — 

Piperidine  C,^U,,  N   =  ^^lo  J]io)"|  n 

(Piperylamine)  ^ 
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A  perfectly  similar  remark  applies  to  coniiie,  the  base  obtained 
from  conium  maculatum. 

(Conylamme)        le    15  tl     ) 

Here  again  the  nature  of  the  complex  molecule,  equivalent  to 
H2,  is  not  established.  The  assumption  of  a  diatomic  molecule 
Cjg  H14,  is  not  supported  by  analogy.  With  greater  probabiHty  we 
surmise  the  presence  of  2  equivs.  of  a  monatomic  molecule  Cg  H^* 
perhaps  butyryl.  It  is  well  known  that,  under  the  influence  of 
oxidizing  agents,  conine  is  readily  converted  into   butyric  acid. 

Further  experiments,  however,  are  required  to  establish  finally 
the  constitution  of  piperidine  and  conine ;  and  as  long  as  they 
are  wanting,  the  constitution  of  these  bases  is  perhaps  better  re- 
presented by  the  formulae  : 

Piperidine      C,       H^       V  N  ana 
H 


Conine  C.     H„      V  N 


■\Q-y  ) 

'    \ 

H       ) 


which  include  no  hypothesis  whatever. 

y.  Tertiary  Monamines. 

This  group  is  very  largely  represented,  for  it  embraces  not  only 
a  considerable  number  of  artificial  bases,  but  likewise  a  great  many 
vegetal  alkaloids.     The  following  are  all  artificial. 

C. 
Trimethylamine         .     .     Cg  Hg   N   = 


Triethylamine  .     .     Ci2H,5  N 

Triamylamine  .     .     C30H33  N 


Methyl-ethyl-amylamine    CjgHjg  N   =  C4 


260  IlOFMANN^    ON    AMMONIA 

C,   N    ) 
Cyan-dietliylamiue      .     .     CipHnj  N2  =  C^    H5  V  N 

C2  H3  ~| 

Methyl-etliyl-phenylamine   CigHjg  N    =  C^    H^  >•  N 

Dicetyl-phenylamine         .     C^gH^i  N   =  C32  H33  V  N 

'^32  "^ssJ 

C4   H,) 
Diethyl-tolylamme       .     .     C22H1.  N    =  C\    H5  V-  N 

Closely  connected  with  the  siibstanccs  given  in  this  table  is  a 
series  of  bases  in  which  the  character  of  tertiary  monamines  is  well 
established,  although  in  other  respects  their  constitution  remains 
still  doubtful. 

Piperidine  and  conine  have  been  enumerated  among  the  secon- 
dary monamines.  If  the  remaining  equivalent  of  hydrogen  in 
these  bases  be  replaced  by  radicals,  we  arrive  at  monamines,  the 
tertiary  character  of  which  cannot  be  doubted,  however  imper- 
fectly we  may  be  acquainted  with  the  replacing  radicals. 

Ethyl-piperidine  ^     „     ^  _  C^   H5     7  ^ 

(Ethyl-piperylamine)  ^^  "i5  ^^   -(C,oH,J";'^ 

Methyl-coninc  ^     „     ^  _  C2    H3      )  ^ 

(Methyl-conylamiue)  ^is  "17  ^^  -(c,g  HiJ") 

A  considerable  number  of  bases  separated  from  the  distillation- 
products  of  coal,  of  animal  matters,  in  general  of  nitrogenous 
bodies,  deserve  next  to  be  mentioned.  All  these  bases  are  derived 
from  one  molecule  of  ammonia;  we  know  that  the  3  equiva- 
lents of  hydrogen  in  the  ammonia-molecule  of  these  substances 
are  replaced ;  but  we  have  at  present  no  facts  at  our  disposal 
which  would  enable  ns  to  form  an  idea  regarding  the  arrange- 
ment  of  the  carbon  and  hydrogen  in  the  replacing  radicals. 


Pyridine 

.  C,o  H,  N  =  (C,o  H,)"'}N 

Picoline 

.  C,2  H,  N  =  (C,2  H,)"'}N 

Lutidine 

.  C,,  H,  N  =  (C,,  H,)'"}N 

Leucoline    . 

.  C,3  H,  N  =  iC,3  H,)"'}N 

Lepidine 

.  C20  H,  N  =  (C20  H,)"'}N 

A  glance  at  these  formulae  at  once  explains  the  frequent  occur- 
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rences  of  isomeric  ammonia-derivatives.  Phenylamine,  and  pico- 
line  are  isomeric,  as  also  are  naphtylamine  and  lepidine.  But  liow 
different  is  the  constitution  of  these  bodies  ! 

p        TT     "V 

Phenylamine      '''h^  V  N  =  C12H7N  =  (Ci2H7)'"}N  =  Picoline. 
H) 

p        XT     ~v 

Naphtylamine    '''h'  V  N  =  C^oHgN  =  (C2oHo)"'}N=Lepidine. 

Phenylamine  and  naphtylamine  are  well  defined  primary  mona- 
mines,  whilst  picoline  and  lepidine  belong  to  the  tertiary  mona- 
mines,  whatever  the  molecular  arrangement  of  C^^Hy  or  CgoHg 
may  be.  Whether  each  of  these  carbo-hydrogen-groups  repre- 
sents one  triatomic  molecule,  or  a  diatomic,  together  with  a  mona- 
tomic  one,  or,  lastly,  three  monatomic  molecules, — we  know  that 
their  sum  is  equivalent  to  3  equivs.  of  hydrogen. 

Among  the  tertiary  monamines,  a  group  of  artificial  sulphuretted 
bases  must  be  quoted,  of  which  thialdine  may  be  considered  as  the 
type. 

Thialdine     C,^  U,^  NS^  =  (C^^  H13  SJ"  }N 

In  the  same  class,  lastly,  occurs  a  number  of  vegetal  alcaloids, 
of  which  nicotine,  morphine,  and  codeine  are  prominent  terms. 

Nicotine      C,^  H^  N      =  (Cjo  H7)'"}N 
Morphine  C,,  R,,  NO^  =  (C3,  H^^  O,)'"}^ 
Codeine      C36  H^^  NO^  =  {C,,  U^,  O.f'}'^. 


It  has  been  already  pointed  out  that,  under  the  influence  of  poly- 
atomic radicals,  several  ammonia-molecules  are  capable  of  associ- 
ating so  as  to  form  ammonias  of  a  higher  order.  They  are  often 
designated  as  polyammonias,  which  are  again  subdivided  into  poly- 
amines  and  polyamides,  according  to  the  chemical  character  ex- 
hibited by  the  new  compounds. 

It  may  at  once  be  stated  that  the  group  of  polyamines  is 
rather  limited  when  compared  with  the  numerous  representatives 
of  the  class  of  monamines.  The  polyamines  at  present  known,  with 
very  few  exceptions,  are — 

b.  Diamines. 

The  ideal  type  of  tiiis  group  is  diammonia — 


N,; 
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and,    exactly    as    among   the   monamines,   we   might   again    dis- 
tinguish— 

Prirrutry  Diamines,  Secondary  Diamines,  and  Tertiary  Diamines. 

A)  A')  A) 

H^^N,  J3AN,  5JN2 

hJ  hJ  cJ 

But  it  is  obvious  that  this  group  embraces  several  other  classes, 
for  we  readily  conceive  the  existence  of  intermediate  compounds  : 


CH 


Even  the  number  and  nature  of  the  radicals,  by  which  the  work 
of  substitution  is  performed,  suggest  additional  sub-divisions ;  for 
we  may  assume  molecules  of  monatomic,  diatomic,  triatomic,  and 
even  tetratomic  substitution-power  involved  in  the  formation  of 
the  diamines.  Lastly,  a  broad  line  of  demarcation  appears  in  the 
chemical  character  of  these  bodies  ;  for  while  in  some  of  them  the 
saturating  power  increases  with  the  number  of  ammonia-molecules 
which  are  linked  together, — some  of  the  diamines  combining  with 
2  equivs.  of  acid, — we  find  that  the  majority,  in  their  relation 
to  acids, — imitate  the  deportment  of  the  monamines.  It  is  obvious 
that  the  question,  whether  a  diamine  is  capable  of  uniting  with  1 
or  2  equivs.  of  acid,  must  be  intimately  connected  with  the  mole- 
cular construction  of  the  basic  system.  As  yet,  this  connection 
remains  unknown,  and  we  are  surprised  to  find  this  difference  of 
saturating  power  in  diammonic  compounds  which,  in  every  other 
respect,  exhibit  the  greatest  analogy. 

One  of  the  most  interesting  groups  of  diamines  is  furnished 
by  the  bodies  generally  designated  as  Ureas,  and  of  which  urea, 
par  excellence,  furnishes  the  well  known  prototype.  There  are 
few  bodies  the  constitution  of  which  has  elicited  a  greater  va- 
riety of  views  than  that  of  urea.  Most  simply,  urea  appears  as 
a  diamine  produced  by  the  substitution  of  the  diatomic  radical 
carbonyl  (CjOj)"  for  2  equivs.  of  hydrogen  in  diammonia.  The 
formation,  chemical  character,  and  products  of  decomposition  of 
urea,  are  in  perfect  accordance  with  this  view. 

In  the  following  table  we  give  some  of  the  more  interesting 
ureas : — 

Urea  C^H^K^Oa      =  H^    ^   N, 


A)") 
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(C2O2) 

Ethyl-urea  C6H8N2O2     =     C^H 


(C^O,)' 
Allyl-urea  CsHgN^O^      =     CgH,,  H     J-   N^ 


Sulphallyl- 
(Thiosinamine) 


I 

=     CgHg,  H     y 


(C   O  )"") 
Phenyl-urea       Ci^HgNjOa     =     C12H5!  H      l  N^ 

Ho 


Sulphophenyl.   c,,U,-^,S,     =     C,hJ  rf'    t  N^ 


urea 


,1-  ^^2  s^r) 

H2    ) 


Diethyl-urea  C10H12N2O.,    =  {C^H^)^}-   N2 

Tst'K  C,,H,,N202=  (C:Hi|N2 

Diphenyl-  (C2  O2)") 

urea  C26H12N2O2   =  {C,^'ii5)2[   ^2 
(Flavine)                                                    H2    ) 

^'^tf  ^'-  c,2H,2N202  =  c^nfcfill  ]  N 


urea 


H2 

(C2S2) 


tl^tt'-        C„H„N,S.  =     C,H„  C/Hf        N, 


Ethyl-^peryl.    ^,_^„^  ^  j(CA)"| 

(C,„H,„)"j 


N^ 


A  glance  at  this  tahle  shows  that  in  the  formation  of  the  ureas 
2,  S,  4  and  5  equivs.  of  hydrogen  in  diammonia  are  replaced 
by  compound  molecules,  and  v\^e  shall  see  further  on  that  it  is  pos- 
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sible  even  to  produce  ureas  in  which  unreplaced  hydrogen  no  longer 
exists.  The  replacing  molecules  are  the  same  as  those  involved 
in  the  transformation  of  ammonia  into  monamines.  All  the  ureas 
are  monacid  with  the  exception  of  diphenyl-urea  (flavine)  which 
is  a  diacid  base. 

A  less  numerous,  though  not  less  defined,  class  of  diamines  are 
found  among  the  derivatives  of  phenylamine  and  its  homologues. 
The  following  formulae  exhibit  the  diversity  of  constitution  of 
these  bodies  which  are  generated  by  a  great  variety  of  reac- 
tions : — 

Cyan-diphenyl-  {C^  N)  H  ) 

diamine  CagHigNg  =    {C.^U,)^    [^^ 

(Melaniline)  H2      ) 

"^^"^^"^^  (C12H5)  H  ) 

Diethylene-diphenyl-p    tt    t^     _    (C^  H^)2">  ^ 
diamine  ^32^18^^  2  -    {C^^U^)^  |  ^^2 

Formyl-diphenyl-       ^    „    ^     _  /n  V 'l    In 
diamine  ^26Wi2J>^2   -  l<-i2^5)2  >  ^2 

All  these  diamines  are  monacid  with  the  exception  of  diethylene- 
diphenyl- diamine,  which  is  diacid. 

The  construction  of  the  class  of  diamines  of  which  azopheny- 
lamine  (semibenzidine)  nitrazophenylamine  and  azouaphtylamine 
(seminaphtalidine)  are  the  most  conspicuous  terms,  is  less  clear 
than  the  constitution  of  the  ureas,  and  of  the  phenyl-derivatives. 
These  bases  probably  contain  diatomic  radicals  which,  in  the 
series  of  aromatic  alcohols,  correspond  to  the  hydrocarbons  ethy- 
lene, propylene,  etc.,  of  the  ordinary  alcohols;  these  radicals 
are  still  somewhat  uncertain. 

Azophenylamine        Ci2HgN2       =  H2      V  N2 

H2     J 

(Ci2LH3,NOJ)") 
Nitrazophenylamine  C12H7N3O4  =  H2        >■  N2 

H2       j 

(C^oHe)"    ■) 
Azouaphtylamine      C20HJ0N2      =  H2        V  N2 

Ho        I 
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The  constitution  of  these  bodies  requires  to  be  elucidated  by 
further  researches.  It  deserves  to  be  noticed^  that  of  the  two 
bases,  azophenylamine  and  azonaphtylamiue,  which  are  generated 
by  perfectly  analogous  reactions,  the  former  is  monacid,  whilst 
the  latter  is  diacid. 

Scarcely  better  established  are  the  views  entertained  regarding 
the  constitution  of  the  three  well  defined  monacid  diamines, 
araarine,  acetonine,  and  acediamine.  In  amarinc,  we  may  assume 
with  great  probability  the  existence  of  a  diatomic  radical  Cj^Hg 
(stilbyl)  : 

Amarine     C42H18N2   =    (Cj^Hg)">N2  Tristilbyl- diamine. 

Acetonine  may  possibly  contain  methyl  and  vinyl : 

Acetonine  C18H18N2  =   ir'^^A^  I  NaTrimethyl-trivinyl-diamine. 

In  acediamine,  lastly,  a  tiiatomic  molecule,  homologous  to  the 
glycerin-radical,  bas  been  assumed  : 

Acediamine  C,H6N2  =   ^^'^y'^    I  N^ 

In  almost  absolute  uncertainty  remains,  at  this  moment,  the 
constitution  of  a  numerous  class  of  natural  bases  which  contain 
2  equivs.  of  nitrogen  in  their  molecule,  such  as  quinine,  cin- 
chonine,  brucine,  strychnine,  etc.  By  a  method,  which  will  claim 
our  attention  bye-and-bye.  Chemists  have  established  that  these 
substances  no  longer  contain  any  unreplaced  hydrogen ;  but  all 
attempts  have,  as  yet,  failed  to  eliminate  and  to  characterise 
the  replacing  molecules.  The  bases  in  question  are  generally 
considered  as  diamines  :  but  this  view  rests  upon  very  slender 
foundation,  and  no  subject  connected  with  the  history  of  the 
organic  bases  is  more  in  need  of  further  experiment.  In  the 
present  state  of  our  knowledge,  we  may  translate  the  empirical 
formula  of  each  of  these  bodies  into  monamraonic  and  diam- 
monic  expressions. 
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Quinine  C.oH^.N^O,  =  (C4oH24N04)'"}N  =  {C,,-E^,0,m^^ 
Cinchonine  C.oH^^N^O^  =  (C^oHa^NO^flN  =  {C^o^^^^Y""'}^^ 
Brucine  C,,n,,-Np,  =  (C,6H26N03)'"}N  =  {C,,-R^,0,m^^ 
Strychnine  C.^H^^N.O,  =  (C.^H.^NOJ-'IN  =  {C,,}i,,OJ'n^^ 

The  conception  of  these  bodies  as  monamines  involves  the 
assumption  of  nitrogenous  molecules  among  the  substitution- 
materials,  an  assumption  which  appears  justified  by  the  frequent 
replacement — in  artificial  bases  at  least — of  hydrogen  by  cyanogen, 
of  which  numerous  illustrations  have  been  already  quoted.  On 
the  contrary,  if  we  prefer  to  view  them  as  diamines,  we  are 
obviously  guided  by  the  observation  that  some  of  these  sub- 
stances, like  quinine  and  cinchonine,  exhibit  both  a  monatomic 
and  a  diatomic  character  in  their  combinations  with  acids, — uniting 
as  they  do  with  either  one  or  two  equivalents, — and  that  they  are  all 
decomposed  by  the  action  of  heat,  whilst  well  established  mona- 
mines are  generally  volatile  without  decomposition.  It  deserves, 
however,  to  be  noticed  that  artificial  monamines  in  which  the  sub- 
stitution is  effected  by  nitrogenous  molecules,  are  likewise  apt  to  be 
altered  under  the  influence  of  heat. 

On  the  other  hand,  many  Chemists  are  inclined  to  ascribe  a 
diammonic  character  to  nicotine,  which,  in  one  of  the  preceding 
sections,  has  been  enumerated  among  the  tertiary  monamines. 
This  substance  is  volatile  without  decomposition;  expressed  by 
the  formula  Cj^H^N  =  (CiqH,7)'"N,  its  molecule  unites  with  1 
equiv.  of  acid.  But  the  quantity  expressed  by  this  formula  cor- 
responds to  2  volumes  of  vapour,  whilst  ammonia,  and  all  the 
volatile  bases,  the  density  of  which  has,  as  yet,  been  carefully 
examined,  represent  4  volumes  of  vapour.  On  the  assumption 
that  the  molecule  of  nicotine  possesses  a  similar  state  of  conden- 
sation, the  formula  of  this  substance  has  been  doubled,  when  nico- 
tine presents  itself  as  a  diamine,  thus — 

Dinicotyl-diamine  C2oHj4N2  =  )r!^°jj^\'"r  ^2  =  4  vol.  of  vap. 

a  formula  which  receives  an  additional  support  in  the  somewhat 
high  boiling  point  (250°)  of  this  compound. 


AND    ITS    DERIVATIVES.  267 


c.  Triamines. 


Among  the  bases  of  animal  or  vegetal  origin,  there  occur  several 
which  contain  3  equivs.  of  nitrogen ;  but,  as  their  constitution  is 
entirely  unknown,  we  have  no  means  to  decide  whether  they  are 
monamines,  diamines,  or  triamines.  Creatine,  creatinine,  and  che- 
lidoninc,  according  as  we  derive  them  from  either — 


may  be  respectively  represented  by  the  following  formulae : — 

Crca-     C3H,N30,        ={C,\l,^^0,)"'}^  =(C3H9NO,)"""}N, 
tine  ={C^YLp^)'""""}^^ 

Creati-    C^^.l^^^        ={C^Ti,-^^0^)"'}l^    ={^^^"^,^0^)"""}^^ 
nine  =  (CgH^Oa) '""""}  N3 

Clielido-  C,,ll,,^,0,  (?)  =  (C,oH,„N,06)'"}  N  =  (CioH,oN06)"""}N2 
nine  ={G,,^',oO,) }^z 

Since  the  existence  of  cyanogen-substitutes  in  nature  is  doubt- 
ful, they  probably  will  be  found  to  be  triamines. 

There  are,  in  fact,  only  two  artificial  bases  in  which  the  triam- 
monic  character  is  somewhat  distinctly  pronounced. 

These  are  :  melamine  which,  when  considered  from  this  point  of 
view,  presents  itself  as  tricyan-triamine : 


Melamine       Cg  Hg  Ng  =    H3  >-  N3  Tricyan-triamine, 


and  cyanethine,  the  constitution  of  which  is  still  doubtful,  but  in 
which  we  have  probably  to  assume  the  triatomic  allyl-radical  of  the 
glycerin-  series : 


Cyanethine     C,8Hi5N3  =   (CgH.J)';!  N3  =  Triallyl- 


triaminCr 


The  accumulation  of  ammonia- molecules  by  no  means  appears 
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to  have  reached  its  climax  iu  the  formation  of  triamines.  Under 
favourable  circumstances,  4,  5,  and  perhaps  even  a  larger  number 
of  equivalents  of  ammonia  appear  to  be  capable  of  coalescing  into 
complex  molecules  of  a  higher  order.  We  are  thus  led  to  the 
conception  of  d.  Tetramines  and  e.  Pejitamines. 

Among  the  natural  bases  several  are  found,  which,  like  theobro- 
mine and  caffeine  — 

Theobromine     .     Cj^Hg  N^O^ 
Caffeine   .     .     .     CjgHioK^O^, 

contain  4  equivalents  of  nitrogen.  The  constitution  of  these 
bodies  is  unknown,  but  upon  further  investigation  they  may  turn 
out  to  be  tetramines.  The  only  well  characterised  tetramine  has 
been  but  lately  discovered  in  the  reaction  of  ammonia  upon  glyoxal. 
This  tetramine,  which  appears  to  be  diacid,  and  has  been  described 
as  glycosine, — a  name,  by  the  way,  which  is  apt  to  be  confounded 
with  the  term  glycocine,  frequently  used  for  glycocoll — probably 
contains  a  radical  C^Hj  (glycyl)  of  tetratomic  substitution-power. 

Glycosine     .     .     CjjHgN^   =    (C^Hg)""  >- N^Triglycyl-tetramine. 

Pentamines  appear  to  be  produced  by  the  action  of  certain  me- 
tallic oxides  upon  ammonia.  Recent  researches  have  brought  to 
light  a  numerous  class  of  remarkable  substances  known  by  the 
name  of  cobalt-bases,  in  several  of  which  a  pentammonic  character 
has  been  recognized.  The  history  of  these  compounds,  however, 
is  still  exceedingly  imperfect. 


The  substances  hitherto  considered,  however  varied  their  con- 
stitution,  are  all  true  ammonias  ;  in  all  of  them  the  structure  of 
the  original  molecule  may  still  be  more  or  less  distinctly  traced. 
We  have  now  to  examine  a  large  class  of  bodies,  which,  although 
inseparably  connected  with  the  ammonias,  nevertheless  exhibit  a 
different  molecular  construction. 

When  uniting  with  bodies  of  a  different  type,  the  molecule  of 
ammonia  gives  rise  to  the  formation  of  compounds  in  which  the 
type  of  ammonia  disappears.  In  its  combinations  with  bodies  of  the 
water-type,  or  of  the  salt-type,  we  luivc  no  difhculty  iu  perceiving 
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all  the  features  of  these  very  types.  Combined  with  hydrochloric 
acid,  ammonia  no  longer  exhibits  its  peculiar  odour,  its  powerful 
alkalinity,  its  volatility ;  the  compound  thus  produced  presents  all 
the  characters  of  a  truly  saline  body ;  it  shows,  both  in  its  physical 
and  chemical  properties,  so  unmistakeable  an  analogy  with  the  chlo- 
rides of  sodium  and  potassium,  that  Chemists  have  assumed  in  this 
compound  the  existence  of  a  peculiar  metal,  the  hypothetical 
ammonium.  Similar,  though  less  marked,  is  the  change  in  the 
characters  of  ammonia  when  combined  with  bodies  of  the  water- 
type.  It  is  true  that  the  solution  of  ammonia  in  water  retains  the 
characteristic  features  of  ammonia-gas;  the  powerful  odour,  the 
volatility  of  this  substance  are  scarcely  diminished.  Neverthe- 
less, the  chemical  deportment  of  the  solution  presents  so  numer- 
ous and  striking  analogies  with  the  solutions  of  the  hydrates  of 
potassa  and  soda, — bodies  which  undoubtedly  are  framed  upon  the 
water-type,  —  that  the  assumption  of  a  similar  construction  of 
these  several  bodies  is  almost  irresistible.  It  was  in  the  concep- 
tion of  this  similarity  of  construction,  that  the  sagacity  of  Ber- 
zelius  was  led  to  view  the  solution  of  ammonia  in  water  as  a 
solution  of  hydrated  oxide  of  ammonium,  similar  to  tlie  hydrated 
oxides  of  potassium  and  sodium  which  constitute  our  potassa-  and 
soda-solutions. 


drated  oxide  of 
potassium. 

Hydrated  oxide  of 
sodium. 

Hydrated  oxide  of 
ammonium. 

Hj    ^^2 

Na)   Q 

H.N) 

Hj     ^^2 

The  progress  of  science  has  elicited  a  number  of  most  remarkable 
confirmations  of  this  view.  United  with  the  hydrated  protoxide 
of  platinum,  ammonia  furnishes  a  soluble  alkali  in  which  even  the 
odour  and  volatility  of  ammonia  have  disappeared, — an  alkali  which, 
in  most  of  its  reactions,  is  apt  to  be  confounded  with  the  oxides  of 
the  alkali-metals.  A  host  of  similar  bodies  is  formed  when  the 
basic  derivatives  of  ammonia,  and  more  especially  those  which  we 
have  enumerated  as  tertiary  monamines,  unite  with  bodies  of  the 
water-type. 

In  the  preceding  section,  ethylamine,  diethylamine,  and  tri- 
ethylamine,  have  been  quoted  as  representatives  of  the  primary, 
secondary  and  tertiary  monamines ;  they  are  derived  from  ammo- 
nia by  the  successive  replacement  of  1,  2,  and  3  equivs.  of  hydro- 
gen by  the  corresponding  number  of  ethyl-molecules. 
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C4H5) 


Ammonia.  Ethylammonia.     Diethylammonia.     Triethylammonia. 

The  solutions  of  these  bodies  in  water  we  regard,  in  accordance 
with  the  view  taken  of  the  solution  of  ammonia  itself  in  water,  as 
the  hydrated  oxides  of  ethyl-  diethyl-  and  triethyl-ammonium. 

H4N>  Q  [(C,H,)H3N]>       [(C,H,),H,N]-f  ^  [(C,H,)3HN])  q 
jj|  ^2  H  j  ^2  H  j-  '-'2  PI  I  ^2 


Hydrated  oxide   Hydrated  oxide         Hydrated  oxide  of  Hydrated  oxide  of 

of  ammonium,    of  ethylammonium.      diethylammonium.  triethylammonium. 

All  these  solutions  exhibit  the  general  features  of  the  ammonia- 
solution  ;  neither  the  odour  nor  the  volatility  of  the  ethylamines 
is  appreciably  affected  by  the  presence  of  the  water.  Doubts 
may,  thereforCj  be  entertained,  and  have  been  entertained,  as  to  the 
propriety  of  assuming  in  these  solutions  bodies  of  a  really  different 
type.  These  doubts  are,  however,  no  longer  admissible  in  the 
case  of  a  remarkable  class  of  compounds,  generated  by  the  replace- 
ment of  the  last  equivalent  of  ammonium-liydrogen  in  the  hy- 
drated oxide  of  triethylammonium,  its  homologues  and  analogues. 
The  compound, 

which  has  been  designated  as  hydrated  oxide  of  tetrethylammonium, 
altogether  differs  from  the  oxides  of  ammonium,  ethyl-,  diethyl- 
and  triethyl-ammonium  ;  odour  and  volatility  have  entirely  disap- 
peared, and  we  find  tricthylamine  converted  into  a  powerfully 
alkaline  body,  luiiting  in  a  very  remarkable  manner  all  the  essen- 
tial characters  of  the  mineral  alkalies.  In  hydrated  oxide  of  te- 
trethylammonium and  its  homologues  and  analogues,  we  have  a 
most  undoubted  representative  of  the  water-type. 


In  the  following  table,  we  have  united  some  of  the  most  remark- 
able members  of  this  group,  the  formation  of  which  will  claim 
our  attention  hereafter : 

Basic  Derivatives  of  ammonia  constructed  upon  the  water-type. 
Hydrated  oxide  of — 

Tetramethylam-  r    H    NO    -     r(<^2H3)4  N])   ^ 

monium  «  ^i:i^^^2  -  H  |  ^^ 
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Hydrated  oxides  of — 

Tetrethylammonium  C16H21NO2  =    ^^^^^5)4  N]|  q^ 

Tetramylammonium  C40H45NO2  = '^^^^"^^i^*  ^^|  O2 

Tetrallylammonmm  C24H21NO2  =     (^(^6^5)4  N]  |  q^ 

Methyl-triethylam-  c    H   NO    =    r(C2H3)  (C,H,)3  N]7  ^ 
monium  14    19       2  H  )      ^ 

Trimethyl-vinylam-  c    H   NO    =  ^^^'^'^3)3  (C4H3)  N]|  ^ 
mouium  10     13       2  H  j      2 


O. 


Methyl-diethyl-phe-     C22H,9N02  =    f^^^  H3)(C,H,)2  Nl 
nylammomum  2.1    w       z         1^  ,^    j^  ,  j 

B.    J 

Methyl-etliyl-amyl.    C23H25NO2  =  r(C2H3)  (C,H,)    N]  ) 
phenylammomum       2s    25       2       [(CjoHiJlCi^Hg)    J  ^  ^2 

H    ) 

The  members  of  this  group  may  be  conceived  to  arise  out  of 
the  ammonias  by  the  simple  accession  of  the  elements  of  alcohols. 
We  are,  therefore,  not  surprised  to  meet  with  a  considerable  number 
of  bodies,  the  position  of  which  in  the  system  is  not  doubtful, 
although  their  constitution  may  not  yet  be  sufficiently  investi- 
gated. Any  uncertainty  which  obtains  with  reference  to  the  con- 
stitution of  a  secondary  or  tertiary  monamine  cannot  possibly  dis- 
appear by  its  transition  into  compounds  corresponding  to  the  water- 
type. 

As  we  have  seen,  the  constitution  of  piperylamine  and  conyl- 
amine  is  not  finally  established ;  but  we  have  recognised  these 
substances  as  imdoubted  secondary  monamines.  By  the  substitu- 
tion of  ethyl  for  their  unreplaced  hydrogen,  these  two  bases  are  res- 
pectively converted  into  the  well-defined  tertiary  monamines,  ethyl- 
piperylamine  and  ethyl- con}  lamine ;  and  by  the  accession,  lastly,  of 
the  elements  of  ethylic  alcohol,  we  arrive  at  two  unequivocal  repre- 
sentatives of  hydrated  oxide  of  ammonium.  The  uncertainty, 
however,  regarding  the  constitution  of  piperylamine  and  conyla- 
mine,  remains  in  the  derivatives  of  these  bases,  and  if,  in  repre- 
senting the  constitution  of  these  derivatives,  we  want  to  exclude 
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all  hypothesis,  we  have  to  introduce  into  their  formulse  the  ex- 
pressions originally  elected  for  the  secondary  diamines : 

Hydrated  oxides  of — 

Diethyl-piperyl-     [{C.U,),  (C,o_,  H,o_,)(aHJN])   ^ 
ammonium  H  j      ^ 

Diethyl-conyl-         [(C.H^),  (C,6_.H,,_.)(aH,)N]>   ^ 
ammonium  il   j       ^ 

The  constitution  of  the  tar-bases  picoline  and  leucoline  is  even 
less  certain  than  that  of  piperidine  and  conine.  All  we  know 
is  that  they  must  be  viewed  as  tertiary  monamines.  They  are 
likewise  convertible  into  compounds  constructed  upon  the  water- 
type,  which  may  be  represented  by  the  formulse : 

Hydrated  oxides  of — 

Ethyl-picolyl-ammonium     [(C4H5)(Cj2H.)'"  N]>  p. 

H  j  '^2 

Ethyl-leucolyl-ammonium   [(C4H5)(Cj8H7)'"  N]  f  ^ 

H  I  ^^' 

in  which  the  terms  {C^^H^)"'  and  (CigH,)'"  simply  express  quan- 
tities of  carbon  and  hydrogen,  equivalent  to  H3,  the  molecular 
arrangement  of  which  remains  to  be  investigated. 

The  same  remarks  apply  to  those  ammonium-derivatives,  which 
are  produced  from  natural  tertiary  monamines,  such  as  morphine 
and  codeine,  by  the  addition  of  the  elements  of  alcohols. 

Hydrated  oxides  of — 

Methyl-morphyl-ammonium    [(C2H3)(C34H  gOg)'"  N]>  ^ 

H  )  ^^ 

Ethyl-codeyl-ammoniura  [  (C4H5)  (C36H21O6)'"  N]  >   p. 

H   I  ^2 

In  formulating  the  representatives  of  this  group,  which  are 
derived  from  quinine,  cinchonine,  brucine,  strychnine,  etc.,  we 
meet  with  the  same  difficulty  which  presented  itself  in  the  consi- 
deration of  the  alkaloids  themselves.  We  know  that  these  bases  con- 
tain no  replaceable  hydrogen  ;  but,  utterly  unacquainted  as  we  are 
with  their  constitution,  wc  have  at  present  no  means  of  ascertain- 
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ing  whether  they  are  monamines  or  diamines.  When  they  are 
regarded  as  monamines,  the  formulse  of  their  ethylic  derivatives 
become  similar  to  those  of  tlie  preceding  compounds;  the  formulse 
of  the  quinine-  and  strychnine-compounds,  for  instance,  assume  in 
this  case  the  following  shape  : 

Hydrated  oxides  of — 

Ethyl-quinyl-ammonium       [  (C4H5)  (C^oHg^NO^ ) '"  N]  |  p. 

H  j  ^2 

Ethyi-strychnyl-ammonium[(C4H5)(C42H22NOJ'"  N]|  ^ 

H     )     ^^2 

But  we  have  seen  that  quinine  and  stry.-hnine  may  be  regarded 
with  equal,  and  perhaps  even  with  greater  probability  as  diamines. 
Adopting  this  latter  view,  and  endeavouring  to  adjust  the  for- 
mulae of  their  derivatives  to  the  water-type,  we  are  led  to  the 
assumption  that  compound  monatomic  metals,  similar  to  ammo- 
nium, may  be  formed  by  the  association  of  1  equiv.  of  hydrogen,  not 
only  with  1  molecule  of  ammonia,  but  with  2,  and  perhaps  c  /en 
with  3  molecules  of  ammonia ;  we  arrive  in  this  manner  at  com- 
pounds of  monamine-ammonium  (ammonium  par  excellence),  dia- 
mine-ammonium,  triamine-ammonium,  etc.,  which  in  general 
terms  may  be  thus  expressed  : 

Derivatives  constructed  upon  the  chloride-of-sodium-type. 

Chlorides  of 
Diamine-ammonium,  Triamine-ammonium. 

,B^       X   -1  r      ,B^ 

etc. 


Derivatives  constructed  upon  the  water-type. 

Hydrated  oxides  of 
Ammonium.  Diamine-ammonium.  Triamine-ammonium. 

H§^)]|o.  KS^Wjo.  H^FH°^ 

H         3  H         3  H      3  etc. 

In  other  words,  we  have  to  assume  the  possibility   of  replacing 
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the  hydrogen  in  ammonium  by  ammonium  itself,  or  by  its  deriva- 
tives, an  idea  which  may  be  illustrated  by  the  following  formulae  : 

Derivatives  constructed  upon  the  chloride-of-sodium-type. 


Chlorides  of 
Ammoni-ammonium. 

A 
B 
C 


N 


CI 


Diammoni-ammonium. 

■      A 
B 
[CDEF  N] 
[GHIK  N] 


•N 


CI  etc. 


[DEFGlSi] 

Derivatives  constructed  upon  the  water-type. 

Diammoni-ammonium. 


Hydrated  oxides  of 
Ammoai-ammoaium. 

A 

H 


V 


^il" 


A 
B 

[CDEFN] 

[ghik:n]  }    -" 

H 


Oo 


Very  few  of  the  compounds  suggested  by  these  formulae  have  as 
yet  been  realized.  The  ethyl-derivatives  of  quinine  and  strych- 
nine,  which  have  led  us  to  these  considerations,  must  be  viewed 
as  diamine-ammonium-compounds,  and  may  thus  be  formulated : 


Hydrated  oxide  of — 


^'aLS'^^"'^"    [(C.H,)((C,„H,A)-}N.  )]  J 
"^tltfium^'-''^™""  r(C,H,)((C,,H,A)-"}N,  )]  ) 


0„ 


o. 


H 


There  are  very  few  other  representatives  of  this  class,  and  we 
may  limit  ourselves  to  quoting,  as  additional  illustrations,  the  methyl- 
and  ethjd-derivatives  of  an  artificial  diamine,  the  constitution  of 
which  is  much  better  known  than  that  of  quinine  and  strychnine. 
Among  the  diammonic  derivatives  of  pheuylamine,  a  substance 
has  been  mentioned  as  diethylene-diphenyl-diamine ;  this  body, 
which  is  diacid,  absorbs  the  elements  of  methylic  or  ethjlic  alco- 
hol, and  is  thus  converted  into  compounds  of  the  formulae : 
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Methyl-compound        [(C^  ^^)(^{C,}1,\'\C,^U,)^}-N^yj  \  q^ 

H        i 

Ethyl-compound        [(C,  H5)((C,HJ,/'(Ci,H5)JN,)j  |  o.^ 


H 


All  the  ammonium- derivatives  of  monamines  or  diamines, 
hitherto  considered,  correspond  to  one  molecule  of  water ;  they 
are, — if  such  a  term  be  permitted, — monhydric.  But  we  know, 
— and  the  recent  elaboration  of  the  theory  of  polyatomic 
alcohols  has  particularly  assisted  in  establishing  this  point, — that 
the  entrance  of  polyatomic  radicals  into  a  system  is  capable 
of  linking  together  2,  3,  and  perhaps  even  more,  molecules  of 
water,  exactly  as  we  have  seen  that  2,  3,  or  more  molecules 
of  ammonia  may  associate  together.  We  thus  arrive  at  a  series 
of  water- derivatives,  which  may  be  designated  as  dihydric,  tri- 
hydric,  and,  in  general,  as  polyhydric.  Again,  among  the  sub- 
stances constructed  upon  the  type  of  chloride  of  sodium,  we  meet 
with  many  instances  of  a  similar  accumulative  tendency.  Hy- 
drated  oxide  of  ammonium  and  its  homologues  being  monhydric 
derivatives  of  water,  and  chloride  of  ammonium  corresponding  to 
one  molecule  of  salt,  it  is  but  consistent  to  anticipate  the  existence 
of  di-  and  trihydric  ammonium -compounds,  and  of  ammonium- 
salts  corresponding  to  2  or  3  molecules  of  chloride  of  sodium. 
We  are  thus  led  to  the  conception  of  diammonium-  and  triam- 
monium-compounds,  which  may  thus  be  formulated  : 

Dicliloride  of  diammonium  [^2(-^2^'2^'2}-'^2)]"C'l2 

Trichloride  of  triammonium  lAi^s^s^s}^^)!"^^ 

Hydrated  dioxide  of  diammonium     [^2(-^2^'2-^2}-^2)]T  n 


Hydrated  trioxide  of  triammonium  [A^{B^C^D^\'N ^)']' 


H3 


}0e 


In  conceiving  the  existence  of  such  compounds,  it  must  be 
admitted  that,  in  this  case,  theory  is  somewhat  in  advance  of 
experiment.     As  yet  but  few  terms  of  this  group  have  been  ob- 

T  2 
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tained  ;  but  very  few  also  have  been  the  efforts  made  to  produce 
them. 

In  one  of  the  preceding  sections,  we  have  stated  that  the 
opinions  of  Chemists  regarding  the  formula  of  nicotine  remain 
divided,  —that  some  consider  this  base  as  a  tertiary  monamine, 
whilst  others  prefer  to  classify  it  with  the  tertiary  diamines.  Ni- 
cotine, like  the  rest  of  the  tertiary  amines,  assimilates  the  ele- 
ments of  alcohols,  and,  according  as  we  adopt,  for  this  base,  either 
the  monatomic  or  the  diatomic  formula,  we  have  to  represent  the 
ethyl-derivatives  of  nicotine  as  : 

Hydrated  oxide  of — 

Ethyl-nicotyl-ammonium         [C^H5)CioH7)'"}N]  >  ^ 

H  I     2     or  as 

Hydrated  dioxide  of— 

Diethyl- dinicotyl-diammonium      [{CJi^)2,{CiQ}ij)2"}^2Y'\  Q 

It  is  very  probable  that  Chemists  will  ultimately  recognize  as 
diammonium-compounds  a  series  of  substances  which  are  formed 
by  the  substitution  of  olefiant  gas  and  its  homologues  for  the 
hydrogen  in  ammonia.  Under  the  influence  of  dibromide  of 
ethylene,  ammonia  is  converted  into  a  mixture  of  several  salts, 
to  which  analysis  has  assigned  the  following  composition : 

C,H,N  Br, 
C^HgN  Br,  and 
CgHgN  Br. 

The  constitution  of  these  compounds  has  received  different 
interpretations :  some  Chemists  are  inclined  to  assume  in  these 
substances  the  existence  of  monatomic  radicals  C2H, — C^Hg, — 
CgHj,  whilst  others  believe  them  to  contain  the  diatomic  radicals 
C2H2^ — ^41^4' — ^6^6-  These  views  are  embodied  in  the  following 
names  and  formulae : 

Bromide  of  Bromide  of 

formyl-  [(C2H)H3N]Br=  [(C2H2)"H2N]Br        methylene- 

ammonium  ammonium. 

Bromide  of  Bromide  of 

vinyl-  [(C4H3)H3N]Br=[(C^H4)"H2N]Br         cthylcne- 

ammoninm  ammonium. 
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Bromide  of  Bromide  of 

aUyl-  [(C6H5)H3N]Br=  [(r,H6)"H2N]Br      propylene- 

ammonium  ammonium. 

A  third  view,  based  upon  the  general  chemical  character  of  these 
bodies^  and  especially  upon  their  mode  of  formation,  claims  them 
as  diammonium-compounds,  containing  1,  2,  or  3  molecules  of  the 
diatomic  ethylene  in  the  place  of  2,  4,  or  6  equivalents  of  hydrogen, 
when  the  formulse  originally  assigned  to  them  undergo  a  slight 
correction,  and  assume  the  following  shape  : 

Dibromide  of  ethylene-diammonium  \_{C^}i^y'}iQ'N^Y'^^'2 
Dibromide  of  diethylene-diammonium  [(C4H^)2"H4N2]'''Br2 
Dibromide  of  triethylene-diammonium    \_{C^ll^)^"}i2^^"BT2 

It  is  obvious  that  the  discovery  of 

Dibromide  of  tetrethylene-diammouium       [(C4H4)4"N2]'"Br2 

is  requii'cd  to  complete  this  list,  when  the  series  of  diatomic 
ammonium-compounds  will  become  perfectly  analogous  to  the 
series  of  raonatomic  bodies,  produced  by  the  substitution  of 
methyl,  ethyl,  etc.,  for  the  hydrogen  in  ammonium. 

Further  researches  are  necessary  in  order  to  decide  which  of 
these  views  will  ultimately  be  received  as  truly  representing  the 
constitution  of  these  remarkable  bodies.  It  may  even  now  be 
stated  that  these  substances  exhibit  in  many  directions  a  deport- 
ment perfectly  different  from  what  analogy  could  have  suggested ; 
for  whilst  the  monatomic  ammonium- salts  cannot  be  decomposed 
without  producing  bodies  belonging  to  another  type,  yielding  as 
they  do  either  a  hydrated  oxide  of  ammonium  (water-type)  or 
water  and  a  monamine  (ammonia-type),  it  would  appear  that  from 
the  salts  which  have  just  engaged  our  attention,  the  bases  may  be 
liberated  ivithout  change  of  type.  The  deportment  of  chloride  of 
ethylammonium  would  lead  us  to  expect  that  the  first  term  of  our 
series,  whether  viewed  as — 

[(C2H2)"H2N]Br,or 

[(CJiJ"H6N2]"Br2 

would  yield  under  the  influence  of  oxides,  either  a  monamine 
or  diamine  — 

(C,H,)"H}N     or,  (C,HJ"H,}N2 


278  HOFMANN,  ON    AMMONIA 

or,  possibly,  the  hydrated  oxide  of  an  ammonium  or  of  a  diam- 
monium : 

[(C,H,)"H,N]|  o^    ^^_   [(C,H,)"HeNJ"|  q^ 

Instead  of  this,  we  produce  in  reality  a  volatile  oxygenated 
compound,  containing  either 

[(CA)"H,N]0    or,  [(C,HJ"H6N,]-0, 

in  which  the  salt-type  is  obviously  preserved. 


In  the  preceding  remarks  we  have  given  an  outline  of  the  views 
at  present  entertained  regarding  the  constitution  of  the  organic 
bases ;  we  have  now  briefly  to  examine  the  circumstances  under 
which  these  substances  are  generated. 

Formation  of  Organic  Bases. 

Nothing  certain  is  known  regarding  the  genesis  of  natural  bases. 
It  is  obvious  that  these  bodies  originate  from  ammonia,  which  is 
known  to  be  the  source  of  nitrogen  in  all  nitrogenous  vegetal 
principles.  But  as  yet  we  are  unacquainted  with  the  compounds, 
under  the  influence  of  which  the  transformation  of  ammonia 
into  vegetal  alcaloids  takes  place.  The  following  statements,  there- 
fore, refer  exclusively  to  artificial  bases. 

A  very  considerable  number,  indeed  the  majority  of  these  sub- 
stances are  formed  by 

Direct  substitution  of  Organic  Radicals  for  the  Hydrogen  in 

Ammonia. 

This  substitution  has  been  hitherto  chiefly  eflected  by  the 
action  of  the  bromides  and  iodides  of  the  common  alcohol-radicals. 
According  as  1,  2,  3,  or  4  molecules  of  ammonia  are  acted  upon 
by  1,  2,  3,  or  4  equivalents  of  the  alcohol-iodide,  we  obtain  in  this 
case  the  hydriodatc  of  a  primary,  secondary,  or  tertiary  mona- 
mine,  homologous  to  ammonia,  or  lastly,  the  iodide  of  a  substi- 
tuted ammonium. 
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The  following  equations,  in  which  n  represents  au  even  number, 
illustrate  these  reactions : 

H3N+   C„  H(„^,)  I  =  (C„  H,,^,))  H,]N,  HI 
2H3N  +  2a  H(„^.i)  I  =  (C„  H(„+i))2H  }N,  HI+  H^NI 
3H3N  +  3C„  H(„+i,  I  =  (C„  H(„^.i))3      }N,  HI  +  2H,NI 
4H3N  +  4a  H(„^,)  I  =[(C„  Hu^,)),      }N]     I  +  3H,NI 

These  different  compounds  are  almost  always  produced  simulta- 
neously, but  by  no  means  in  equal  quantities.  On  submitting 
ammonia  to  the  action  of  iodide  of  methyl,  the  five  iodides,  iodide 
of  ammonium,  of  methyl-,  dimethyl-,  trimethyl-,  and  lastly  of  tetra- 
methyl-ammonium  are  formed  together,  but  the  last,  and  con- 
sequently also  the  first,  term  of  the  series  are  obtained  in  very 
considerable  excess.*  In  the  reaction  between  ammonia  and 
iodide  of  ethyl,  on  the  other  hand,  the  substitution  occurs  more 
gradually,  so  that  we  meet  with  less  difficulty  in  isolating  the 
several  terms  of  the  series.  The  action  of  iodide  of  ethyl  upon 
ammonia  invariably  produces  a  quantity  of  hydriodate  of  etliyla- 
mine,  although  some  of  the  higher  products,  and  especially 
diethylamine,  are  always  formed  in  very  appreciable  proportions. 
Ethylamine,  separated  from  the  hydriodate  by  means  of  potassa, 
and  again  treated  with  iodide  of  ethyl,  yields  chiefly  the  hydriod- 
ate of  diethylamine;  the  base  separated  from  the  latter  gives, 
with   iodide  of  ethyl,    hydriodate  of  triethylamine.       Triethyl- 

*  Both  the  nomenclature  and  the  formulae  at  present  in  use  for  the  salts  of  the 
organic  bases,  are  far  from  consistent.  The  salts  produced  by  the  action  of  bydriodic 
acid  upon  methylamine,  dimethylamine,  and  trimethylamine,  are  generally  desig- 
nated as 

C,H3l 
Hydriodate  of  methylamine  H    }•  N,  HI 


C.H^-l 
Hydriodate  of  dimethylamine  C„H3  i-N,  HI 

'H   J 

C.H,] 
Hydriodate  of  trimethylamine  C..H3  i- N,  HI. 

c.:h3j 

On  the  other  hand,  we  speak  almost  always  of  iodide  of  ammonium,  and  invariably 
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amine  lastly  unites  directly  with  iodide  of  etliyl^  to  form  iodide 
of  tetrethylammonium. 

H3}N  +  C,  H^  I  =  (C,H,)  H^jN,  HI 
(C.Hs)  HJN  +  C,  U,  I  =  (C,H,),H  }N,  HI 
(C,H,)2H  }N  +  C,  H5  I  =  (C,H,)3  }N,  HI 
{C.U,),      }N  +  C,H5l=[(C,H,),        N]     I 

Provided  we  spare  neither  time  nor  alcohol-iodide,  the  last  iodine- 
compound  of  the  series  is  almost  always  readily  obtained  in  a  state  of 
perfect  purity.  The  tetrammouium-compound  once  procured,  there 
is  no  longer  any  difficulty  in  preparing  the  triamine.  By  treat- 
ment with  oxide  of  silver,  the  iodide  is  converted  into  the  hydrated 
oxide  of  the  tetrammonium,  and  the  distillation  of  the  latter  fur- 
nishes the  triamine :  alcohols,  or  the  elements  of  alcohols,  being 
eliminated.  Thus,  hydrated  oxide  of  tetramethylammonium  splits 
into  trimethylamine  and  methylic  alcohol,  whilst  the  corresponding 


of  iodide  of   tetramethylammonium.      In  accordance  with  the   above  names  and 
formulae,  these  two  salts  should  be  represented  as 

H 

Hydriodate  of  ammonia  H  ^  N,  HI,  and 

H 

C2H3 

Methyliodate  of  trimethylamine    C.,H3    ^N,  C..H3I 

C0H3 

Or  we  should  view  them  all  as  ammonium-compoimds,  and  express  them  by  the 
following  formulae — 

Iodide  of  ammonium  [  H^N]I 

Iodide  of  methylammonium  [(CoHj)    H3  N]  I 

Iodide  of  dimethylammoninm  [(C^Ha).^  H^  N]  I 
Iodide  of  trimethylammoaium  [(€2113)311  N]  I 
Iodide  of  tetramethylammonium  [{C.,H^)^        N]  I 

To  be  consistent,  however,  it  would  then  also  become  necessary  to  adopt  for 
hydriodate  of  morphine  the  expression — 

Iodide  of  morphylammonium  [(Ca^Hj^Og)'"!!  N]  I 

In  order  to  avoid  too  serious  a  conflict  with  the  common  chemical  language,  the 
salts  of  monamines  and  diamines,  etc.,  have  been  generally  represented  as  compounds 
of  ammonia  with  hydrogen-acids. 
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term  of  the  ethyl-series    furnishes^  together   with  triethylamine, 
water  and  olefiant  s-as : 


o. 


If  we  consider  the  number  of  alcohols  already  known,  which 
is  sure  to  be  greatly  augmented  by  the  further  development  of 
organic  chemistry^ — if  we  recollect,  moreover,  that  the  several 
equivalents  of  hydrogen  in  ammonia  and  in  ammonium  are  by  no 
means  always  replaced  by  the  same  radicals,  we  conceive  the  extra- 
ordinary multitude  and  variety  of  basic  compounds  which  the 
endless  permutations  of  this  method  permit  us  to  obtain. 

The  successive  replacement  of  the  hydrogen  in  ammonia  by 
means  of  the  alcohol-iodides,  whilst  enabling  us  to  produce  an 
almost  unlimited  number  of  new  compounds,  furnishes  us  at  the 
same  time  with  a  most  valuable  method — in  fact,  almost  the  only 
method  which  is  at  present  at  our  disposal — of  studying  the  consti- 
tution of  organic  bases,  whether  natural  or  artificial.  Supposing 
that  the  composition  of  an  organic  base  has  been  carefully  ascer- 
tained by  elementary  analysis,  that  its  equivalent  has  been  suc- 
cessfully determined  by  the  examination  of  its  salts,  especially  the 
double  salts  with  dichloride  of  platinum  or  trichloride  of  gold, 
supposing,  in  fact,  the  formula  of  the  substance  well  established, 
we  are  still  in  utter  ignorance  regarding  its  molecular  construction. 
By  treating  the  body  under  examination  with  iodide  of  methyl  or 
ethyl,  by  ascertaining  the  number  of  methyl-  or  ethyl-equivalents 
which  it  is  capable  of  fixing,  we  establish  the  degree  of  substitution 
of  the  base,  we  determine  whether  it  is  a  primary,  a  secondary, 
a  tertiary  monamine,  or  lastly  a  compound  corresponding  to 
hydrated  oxide  of  ammonium.  A  primary  monamine  thus  treated 
will  be  found  to  fix  3  equivs.  of  methyl,  a  secondary  2  equivs.,  a 
tertiary  monamine  1  equiv.  of  methyl :  a  base  corresjionding  to 
hydrated  oxide  of  ammonium  is  no  longer  changed  under  the 
influence  of  these  agents. 

This  method  has  already  supplied  some  important  information 
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regarding  the  molecular  construction  of  a  variety  of  bases  :  indeed 
the  classification  which  we  have  attempted  in  the  preceding  sec- 
tions is  almost  exclusively  based,  as  must  be  now  obvious,  upon 
the  deportment  of  the  bases  with  the  alcohol-iodides. 

Among  the  ammonia-derivatives  which  exist  in  the  brine  of  salt 
herrings,  there  is  one  the  analysis  of  which  has  led  to  the  formula 
Cg  Hg  N.  The  Chemist  who  first  observed  this  substance,  very 
naturally  considered  it  as  the  primary  monamine  corresponding 
to  propylic  alcohol,  as  propylamine : 


CgH.N    = 


On  treatment,  however,  with  iodide  of  methyl,  it  was  observed 
that  this  base  is  not  capable  of  absorbing  more  than  1  equiv.  of 
methyl,  being  at  once  converted  into  a  compound  corresponding 
to  hydrated  oxide  of  ammonium.  This  deportment  unequivocally 
characterised  it  as  a  tertiary  monamine,  which  was  forthwith  recog- 
nised as  trimethylamine. 

By  the  action  of  soda-lime  upon  the  compomid  of  aldehyde 
with  bisulphite  of  ammonium,  a  volatile  base  is  formed  which,  for 
a  long  time,  was  believed  to  be  ethylamine.  By  a  perfectly 
analogous  mode  of  proceeding  it  was  found  to  be  dimethylamine ; 

C,H7N=  H^N      =  C2H3VN 


The  deportment  with  iodide  of  ethyl  characterises  phenylamine 
and  its  homologues  as  primary,  leucoline  and  its  homologues  as 
tertiary,  monamines.  In  a  similar  manner  the  bases  of  the 
pyridine-series,  and  thialdine,  together  with  its  homologues,  have 
been  recognised  as  tertiary  monamines. 

Applied  also  to  natural  bases,  this  method  has  been  fertile  in 
results.      Conine    has   been  established    as  a  secondary,  codeine 
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and  morphine  as  tertiary,  monamines.  Nicotine  is,  as  we  have 
seen,  either  a  tertiary  monamine  or  a  tertiar}^  diamine,  and  the 
same  remark  applies  to  quinine,  cinchonine,  quinidine,  brucine, 
and  strychnine. 

The  action  of  the  iodides  or  bromides  of  the  alcohol-radicals 
upon  bases,  whilst  fixing  in  a  most  satisfactory  manner  their 
degree  of  substitution,  unfortunately  fails  altogether  to  reveal  the 
nature  of  the  replacing  molecules. 

The  analysis  and  the  determination  of  the  equivalent  of  conine, 
had  led  to  the  formula  C^gH^^N.  By  treatment  with  iodide  of 
ethyl,  it  tad  been  ascertained  that  this  base  fixes  2  equivs.  of 
ethyl,  being  thereby  converted  into  a  compound  corresponding 
to  hydrated  oxide  of  ammonium.  This  experiment  was  sufficient 
to  characterize  conine  as  a  secondary  monamine. 


H       j^^' 


but  it  gave  us  no  clue  to  the  nature  of  the  radicals  which  are 
substituted  for  the  3  equivs.  of  hydrogen ;  these  2  equivs.  of 
hydrogen  may  be  replaced  by  a  diatomic  molecule  CjgHj^,  or,  by 
two  monatomic  molecules  CgH^,  or  generally  by  two  monatomic 
molecules  Cjg_^Hj^_j,  and  C,Hy. 

Many  experiments  have  been  made  with  the  view  of  elimi- 
nating the  radicals  in  a  recognizable  form  from  the  bases.  These 
experiments  have  as  yet  been  but  partially  successful.  We  have 
already  seen  that  the  distillation  of  an  ammonium-base  yields  the 
corresponding  triamine  with  separation  of  an  alcohol  or  of  its  pro- 
ducts of  decomposition.  Less  fortunate  has  been  the  attempt  at  sepa- 
rating the  radicals  from  the  monamines.  The  sole  reaction,  which 
deserves  to  be  noticed,  arises  from  the  treatment  of  the  bases  with 
nitrous  acid,  when  the  nitrogen  of  both  compounds  is  eliminated 
as  gas,  the  radical  separating  in  the  form  of  an  oxide. 

Under  the  influence  of  nitrous  acid,  phenylamine  yields  phenyl- 
alcohol  and  nitrogen. 


^12 


TT    ^ 

H%  N  +  NO3  =  HO   +   2N  +^^'h'I  ^2 


The  reaction,  however,  by  no  means  furnishes  the  amount  of 
phenyl-alcohol  indicated  by  theory;  a  large  quantity  of  this 
substance  is,  by  the  continued  action  of  nitrous  acid,  converted 
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into  iiitrophenyl-alcohol  and  resinous  products.  In  a  similar 
manner,  toly lamina  yields  almost  exclusively  nitrocresyl-alcoliol. 
Etliylaraine  and  amylamine  are  converted  into  the  nitrites  of 
etliyl  and  of  amyl.  In  all  tliese  reactions,  other  products  are  simul- 
taneously generated.  Recent  experiments  have  proved  that  this 
process  requires  a  further  study.  It  has  been  observed  that  several 
phases  must  be  distinguished  :  in  the  first  phase,  the  base,  assimi- 
lating the  elements  of  water,  appears  simply  to  be  split  into  alcohol 
and  ammonia  ;  the  latter  then,  under  the  influence  of  nitrous  acid, 
yields  nitrogen  and  water.  Thus,  phenylamine,  in  the  first  stage  of 
the  process,  furnishes  an  appreciable  quantity  of  ammonia;  ethyl- 
phenylamine  similarly  treated,  gives  rise,  in  the  commencement  of 
the  reaction,  to  the  formation  of  ethylamine. 

To  find  a  simple  method  for  the  elimination  of  the  radicals  from 
the  organic  bases,  is  the  task  of  our  time.  The  discovery  of  such 
a  method,  whilst  enabling  the  Chemist  to  decompose  the  most 
complicated  alkaloids  into  their  components,  cannot  fail  ultimately 
to  lead  to  the  artificial  production  of  these  alkaloids  themselves. 


In  using  the  method  of  introducing  electropositive  radicals  into 
ammonia,  by  means  of  their  bromides  and  iodides,  the  radicals 
of  the  ordinary  monatomic  alcohols,  corresponding  to  the  series  of 
fatty  acids,  have  been  almost  exclusively  employed  as  materials 
of  substitution.  The  action  of  the  chlorides  and  bromides  of  the 
oxygenated  radicals  upon  ammonia,  produces  the  numerous  class 
of  neutral  bodies,  which  we  shall  hereafter  consider  under  the 
head  of  amides.  The  only  instance  of  the  formation  of  a  weak 
base  in  a  reaction  of  this  kind,  has  been  recently  observed,  namely, 
the  transformation  of  chloracetic  and  bromacetic  acid  into  glyco- 
cine  (glycocoll). 

C.HgBrO,       +       H3N         =  C.H^NO.HCl 


Bromacetic  acid.  Hydrochlorate  of  glycociae. 

The  application,  to  the  bromides  and  iodides  of  the  diatomic 
and  triatomic  alcohols,  of  a  method,  which  has  been  so  fertile  in 
the  case  of  the  monatomic  alcohols,  promises  a  rich  harvest  of 
resvdts.  Even  now  some  very  remarkable  products  have  been 
obtained  by  the  action  of  ammonia  on  the  dichloride  and  dibro- 
mide  of  ethylene.      We  have  already  alluded   to  these   substances 
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which  by  some  are  considered  monammoniCj  by  others,  diam- 
monic  bases.  Their  study  is  attended  with  unusual  difficulties,  and 
as  yet  their  true  nature  is  scarcely  made  out. 

The  deportment  of  ammonia  with  the  bromides  and  iodides  of  the 
triatomic  alcohols,  has  been  scarcely  studied.  The  only  cases 
examined  are  the  action  of  tribromide  of  formyl  (bromoform), 
and  that  of  tribromide  of  allyl  upon  ammonia  ;  the  product  of  the 
former  is  cyanide  of  ammonium — 

5H3N  +   C^HBrg  =   SH^NBr   +   NHJC^N); 

Bromoform.  Cyanide  of 

ammonium. 

in  the  latter  reaction,  the  bromide  of  a  compound  ammonium  is 
produced,  in  which  2  equivs.  of  hydrogen  are  replaced  by  2  equivs. 
of  a  monatomic  brominetted  hydrocarbon  (CgH^Br). 

4H3N   +  2C6H5Br3       =   SH^NBr     +    [(C6H^Br)2H2N]Br 


Tribromide  of  Bromide  of  dibromallyl- 

allyl.  ammonium. 

Some  further  progress  has  been  made  in  the  study  of  the  action 
which  the  compounds  of  the  diatomic  alcohols  exercise  upon  the 
monamines,  especially  upon  phenylamine.  In  most  of  these 
cases,  diammouic  and  even  triammonic  bases  are  produced. 
Phenylamine  and  dibromide  of  ethylene,  furnish  the  dibromide  of 
diethylene-diphenyl-diammonium. 


4[(C,,H,)H,}N]  +2[(C,H,)-Br,]  =  [(C,HJ,-(C,A),H,N,]Br, 

Phenylamine.  Dibromide  of  ethy-         Dibromide  of  diethylene-diphenyl- 

lene.  diammonium. 

+  2[(Ci,H,)H,}N,HBr] 
Hydrobromate  of  phenylamine. 

Phenylamine  and  chloroform,  give  together  with  hydrochlorate 
of  phenylamine,  the  hydrochlorate  of  formyl-diphenyl-diamine. 

4[(Ci2H5)H2}N]  +  (C2H)'"Cl3=  (C2H)'"(C,,H,)2H}N,,HC1 


Phenylamine.  Chloroform.         Hydrochlorate  of  formyl-diphenyl- 

diamine. 

+  2[(C,,H5)HJN,HClj 


Hydrochlorate  of  phenylamine. 
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Phenylamine  is  acted  upon  even  by  the  so-called  bichloride  of 
carbon  CgCl^,  a  monacid  base  being  produced,  which  we  have 
mentioned  as  cyau-triphenyl-diamine. 

6(C,,H,,  H,}N)      +     C,C1,    = 

Phenylamine.  Dichloride  of 

carbon. 

(C^N)  {C,^-il,)s  H^IN^^HCI      +      3(Ci2H,,  H,}N,  HCl) 


Hydrochlorate  of  Hydrochlorate  of 

cyan-triphenyl-diamine.  phenylamine. 

It  deserves,  however,  to  be  noticed,  that  the  substance  in  ques- 
tion may  also  be  viewed  as  a  triamine,  as 

(Ci,H,)3  [  N3, 

for  it  is  by  no  means  experimentally  proved  that  the  carbon, 
derived  from  the  chloride,  assumes,  in  the  new  base,  the  form  of 
cyanogen. 

The  action  of  chloride  and  bromide  of  cyanogen  on  ammonia 
and  its  derivatives  deserves,  lastly,  to  be  mentioned.  Ac- 
cording to  the  nature  of  the  base  submitted  to  these  agents,  the 
new  compound  produced  is  either  a  monamine,  a  diamine,  or  even 
a  triamine. 

Ethylamine  furnishes,  with  chloride  of  cyanogen,  a  secondary 
monamine. 

(C^HJH^^N      +       C^NCl     =      (C^N)  (C^H^)  H}N,  HCl 


Ethylamine.  Chloride  of  Hydrochlorate  of 

cyanogen.  cyan-ethylamine. 

The  same  reaction  converts  diethylamine  into  a  tertiary  mona- 
mine. 

(C,H,)2H}N       +       C^NCl       =       (C.,N)  (C.H^)^}^,  HCl 


Diethylamine.  Chloride  of  Hydrochlorate  of 

cyanogen.  cyan-diethylamine. 

Phenylamine,    on    the   other   hand,    yields,    with    chloride    of 
cyanogen,  melaniline,  a  well  characterised  monacid  diamine. 

2[(Ci,H5)  H,!N]    +   C,N  CI  =   (C.N)  (C^.H,),  H,]^,,  HCl 


Phenylamine.  Chloride  of  Hydrochlorate  of 

cyanogen.  cyan-diphenyl-diaminc. 


AND    ITS    DERIVATIVES.  287 

Finally,  the  action  of  chloride  of  cyanogen  upon  ammonia,  gives 
rise  to  the  formation  of  the  neutral  cyanamide,  which,  under  the 
influence  of  heat,  is  transformed  by  molecular  rearrangement  into 
melamine,  a  well  defined  monacid  triamine. 


2H3N 

+         C2NCI        = 

(C^N)  HJN      4-       [N  HJ  CI 

Ammonia. 

Chloride  of 

Cyanamide.                          Chloride  of 

cyanogen. 

ammonium. 

3[(C,N)  H,}N] 

(C,N)3  HaN3 

Cyanamide. 

Tricyan-triamine. 

In  the  processes  hitherto  examined,  the  hydrogen  of  ammonia 
is  eliminated  by  the  action  of  iodides,  bromides,  and  chlorides. 
This  elimination  may  also  be  eff'ected  by  oxygen-compounds;  but 
the  number  of  bases,  thus  obtained,  is  comparatively  small.  The 
agents  capable  of  producing  this  effect  are  chiefly  the  aldehydes. 
As  illustrations  we  may  quote  the  formation  of  amarine  (tristilbyl- 
diamine)  by  the  action  of  oil  of  bitter  almonds  upon  ammonia, 
that  of  furfurine  from  furfurol,  and  lastly,  the  formation  of  the 
remarkable  tetramine,  glycosine.  In  most  of  these  cases  neutral 
compounds,  the  so-called  hydramides,  are  first  produced,  in  which 
basic  properties  are  developed  by  boiling  with  potassa,  or  by 
exposure  to  a  temperature  of  140° — 160°C.  Oil  of  bitter  almonds 
yields,  with  ammonia,  hydrobenzamide ; 

2H3N       +       3,Ci^H602     =     C42H18N2     +     6H0 

Oil  of  bitter  almonds.       Hydrobenzamide. 

Hydrobenzamide  is  subsequently  converted,  by  a  simple  mole- 
cular transposition,  into  amarine. 

Ammonia  and  glyoxal  yield  directly  glycosine : 

4H3N       +       3C4H2O4       =      (C,H2)3""}N^     +      12H0 
Glyoxal.  Glycosine. 
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It  appears  that  the  acetones  lend  themselves  to  a  similar  re- 
action. As  yet,  only  the  acetone,  par  excellence,  has  been  sub- 
mitted to  this  process. 

2H3N     +     SQHsQ,     =     (C,sH^,)— }N,     +     6H0 

Acetone.  Acetonine. 

In  the  production  of  bases  by  the  action  of  iodides,  bromides, 
chlorides,  and  oxides,  the  hydrogen  of  the  ammonia  separates  in 
the  form  of  hydriodic,  hydrobromic,  or  hydrochloric  acid,  or  in 
the  form  of  water.  We  are,  however,  acquainted  also  with  a  great 
number  of  cases,  in  which  the  formation  of  organic  bases  is  eifected 
by  the  direct  union  of  ammonia  with  a  variety  of  organic  com- 
pounds, without  the  elimination  of  a  second  compound.  Direct 
combination  of  this  kind  is  chiefly  observed  in  the  formation  of 
the  numerous  class  of  bases  known  as  ureas,  which  are  chiefly 
formed  by  the  association  of  ammonia  and  cyanic  acid,  and  of 
their  derivatives. 

H3N      +         C.3HNO2         =  C2H^N202 


Cyanic  acid.  Urea. 

H3N      +     C,(C,H3)N0,  =     C,(C,H3,H3)N,0, 

Cyanate  of  methyl.  Methyl-urea. 

H3N      4-     C,(C6H,)N0,  =      C,(C6H3,H3)N,0, 


Cyanate  of  allyl.  Allyl-urea. 

H3N      +     C,(C^,Hs)NS,     =     C,(C,A,H3)N,S, 

Sulphocyanide  of  phenyl.  Sulphophenyl-urea. 

At  the  first  glance,  it  would  appear  that  processes  of  this  kind 
exclude  the  conditions  of  substitution,  since  the  ureas  are  the  sole 
products  of  the  reaction.  But  the  apparent  anomaly  disappears 
if  we  recoUect  that  the  ureas  are  diamines,  and  that  one  of  the 
ammonia-constituents,  cyanic  acid,  is  a  product  of  substitution  of 
ammonia,  so  that  we  may  consider  this  substance  as  a  secondary 
diamide,  as 

(C,0,)"|  jj 
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In  factj  according  to  recent  researches^  cyanic  acid  is  formed  by 
a  process  of  substitution  in  the  action  of  dichloride  of  carbonyl 
(C2O2)"  CI2  (phosgene  gas)  upon  ammonia : 

H3N  +   (C20J'Cl2  =   (C202)"H}N  +  2HC1 

Phosgene  gas.  Cyanic  acid. 

which,  in  the  moment  of  its  formation,  combines  with  the  excess 
of  ammonia,  forming  urea : 

3H3N   +    (C202)"Cl2  =    {C^O^)"R^]^^,}lCl  +   H4NCI 

Phosgene.  Hydrochlorate  of  urea. 

It  is  obvious  that  this  interesting  formation  of  urea  involves  a 
true  process  of  substitution,  and  that  it  is  very  much  in  favour 
of  the  view  we  have  taken  of  the  constitution  of  this  class  of 
compounds. 

The  same  remarks  apply  to  the  formation  of  the  ureas  of  higher 
degrees  of  substitution,  which  are  formed  by  the  action  of  the 
cyanates  on  monamines  : 

(C4H3)  H^jN    +    {C,0,nC,K,)}^   =    (CA)"'(C,H,)2H2}]S^2 

Ethylamine.  Cyanate  of  ethyl.  Diethyl-urea. 

Ethylamine.  Cyanate  of  allyl.  Ethyl-allyl-urea. 

Phenylamine.  Sulphocyanide  of  allyl.  Sulphallyl-phenyl-urea. 

The  same  compounds  are  also  obtained  by  the  action  of  water 
upon  the  cyanic  ethers,  when  one  equivalent  of  ether  is  decom- 
posed with  formation  of  carbonic  acid  and  of  a  monamine,  which 
joins  the  second  equivalent. 

2((ca)"(C2H3)}n)  +  H2O2  =  CA  +  {c^o,)"{c,n,),ii,i^^ 

Cyanate  of  methyl.  Dimethyl-urea. 

2((CA)"(C6H5)}n)  +  11,0,=  C,0,  +  {C,OJ\C,U,),-K,}-N, 

Cyanate  of  allyl.  Diallyl-urea  (sinapoline). 
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Formation  of  Organic  Bases  by  the  Reduction  of  Nitro -compounds. 

A  great  number  of  organic  bodies,  as  is  well  known,  when 
submitted  to  the  action  of  nitric  acid,  lose  part  of  their  hydrogen, 
for  which  the  elements  of  hyponitric  acid  are  substituted.  The 
nitro-compounds  thus  produced  suffer  under  the  influence  of 
reducing  agents,  and  more  particularly  of  sulphuretted  hydrogen,* 
a  remarkable  transformation,  which  consists  in  the  substitution 
of  NH2  for  NO4,  or  of  H2  for  O4. 

These  successive  changes  are  represented  by  the  following 
equations : 

C„  H„  O,  +  qH  NOg    =    a  Hu.,)(NO,),  O^    +    2qH0 

C„H(„_,)(NOJ,  O,  +  6qHS  =  C.  H(„+,)N,  O,  +  6qS  +  4qH0 

In  the  majority  of  cases  q=l  ;  that  is,  only  1  eq.  of  hydrogen 
is  replaced,  when  the  latter  equation  assumes  the  following  shape : 

a  H(„_j)NO,  O^  +  6HS  =  a  H(„+i)NO^  +  6S  +  4H0 

The  nature  of  the  compound  C„  H(„+i)NOj,,  is  essentially 
determined  by  the  chemical  character  of  the  body  C™  H„  Op. 
From  observation  it  would  appear  that  the  products  are  bases, 
when  the  mother-compounds  are  neutral  bodies ;  that  they  are, 
on  the  other  hand,  acids,  or  substances  capable  of  acting  both 
like  acids  and  bases,  when  the  mother-compounds  possess  the 
character  of  acids, 

*  The  original  mode  of  proceeding  was  to  treat  the  alcoholic  solution  of  the 
nitro-compound  with  sulphuretted  hydrogen,  to  digest  the  saturated  solution, 
and  to  complete  the  action  of  the  sulphuretted  hydrogen  by  ebullition. 

Hydrogen  in  statti  nasceiHi  (zinc  and  sulphuric  acid)  also  transforms  the  nitro- 
compounds, though  more  slowly.  Very  conveniently  a  mixture  of  iron-filings  and 
acetic  acid  may  be  employed  ;  in  many  cases,  such  as  the  preparation  of  phenyl- 
amine  and  naphtylamine,  this  process  yields  much  better  results  than  treatment  with 
sulphide  of  ammonium.  The  reduction  of  nitro-compounds  may  be  likewise  effected 
by  arsenite  of  potassium  and  by  phosphorus  in  the  presence  of  caustic  alkalies. 

In  a  few  cases,  the  reduction  has  been  effected  by  the  action  of  organic  substances 
upon  nitro-compounds.  Nitrobenzol,  when  treated  with  an  alcoholic  solution  of 
potassa,  furnishes,  together  with  several  other  products,  phenylamine  and  azoben- 
zol.  This  process  is  not  sufficiently  elaborated,  but  one  of  its  phases,  involving  the 
formation  of  azobenzol  and  phenylamine,  appears  to  consist  in  the  deoxidation  of 
the  nitro-compound  by  the  alcohol,  which  is  converted  into  oxalic  acid  : 

2[C.,(H,N0,)]-hC,H,O,  +  2KO  =  C,,H5,H^}N  +  C„H,N  +  K,C,03-h4HO 
Nitrobenzol.      Alcohol.  Phenylamine.     Azobenz  1,      Oxal.  potas. 
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When   p  =  0,  that  is,  when  the  mother-compound  is  a  hydro- 
carbon,  the  base  produced  is  a  primary  monamine : 


Benzol. 


Toluol. 


^20^8 


Naphtalin. 


C,,(H3,  NOJ 

Nitrobenzol. 

C^,(H,,  NOJ 

Nitrotoluol. 

C,o(H,,  NO,) 

Nitronaphtalin. 


CiA,  HJN 


Phenylamine. 

C14H7, 

H,}N 

Tolylamine. 

^20^7' 

H,}N 

Naphtylamine. 


In  a  similar  manner,  basic  compounds — most  of  them  of  still 
doubtful  constitution — have  been  obtained  from  the  nitro-com- 
pounds  of 

a.    Oxygenated  Compounds. 


^H^gOa 

C,4(H„  NOJO2 

CuHgNO^ 

Anisol. 

Nitranisol. 

Aaisidine. 

Ci^HgO, 

C,4(H5,  NOJO4 

C.^H^NO, 

Benzoic  acid. 

Nitrobenzoic  acid. 
b.  Nitrogenous  compounds. 

Benzamic  acid. 

C12H5N 

Ci2(H4,  NOJN 

Ci.HgN, 

Azobenzol. 

Nitrazobenzol. 

Diphenine. 

c.  Compounds  containing  Oxygen  and  Nitrogen. 
C,4H,N02  C,4(H6,NOJN02 


Benzamide. 


Nitrobenzamide. 


ChHsNA 

Carbanilamine. 


d.  Compounds  containing  Oxygen  and  Sulphur. 


Sulpbobenzide. 


Nitrosulphobenzide. 


Sulphobenzamine. 
u  2 
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Dinitro-compounds,  when  submitted  to  reducing  agents,  are 
capable  of  undergoing  two  different  changes.  They  very  fre- 
quently exhibit  the  deportment  of  the  mononitro-compounds, 
exchanging  H2  for  O4,  with  formation  of  bases,  in  which  one  or 
several  equivalents  of  hydrogen  are  replaced  by  hyponitric  acid  : 


C12H6 
Benzol. 


C,,[H,(NO,),] 

Dinitrobenzol. 


[C,,(H„  NO,)],  H,}N 

Nitrophenylamine. 


ChHsO,  Ci,[H,(N0,)3]0,  Cj,[(H,{NOJ,]0,}N 


Anisol. 


Trinitranisol 


Dinitranisidiae. 


The  second  and  third  equivalents  of  hyponitric  acid,  behave,  in 
these  cases,  like  hydrogen. 

The  reduction  extends  but  rarely  to  a  second  equivalent  of 
hyponitric  acid.  The  basic  compounds  thus  produced  correspond 
to  2  equivs.  of  ammonia ;  they  are  diamines,  the  natui'e  of  which 
is,  however,  scarcely  fixed  by  experiment. 


Naphtalin. 

Benzophenone. 

Benzoic  acid. 


C2o[H6(NQJ,] 

Dinitronaphtalin. 

C26[H.s(NOJ,]0, 

Dinitrobenzophenone. 

Ci,[H,(N0,)J04 

Dinitrobenzoic  acid. 


^20^10-'^2 
Azonaphtylamin. 

C26H12N2O2 

Flavine  (diphenyl-urea  1). 


CuIIsNA 


Benzodiamic  acid. 


C24H10S.2O4 

Sulphobonzide. 


C24[Hs(NO,)JS2Q4 
Dinitrosulpliobenzide. 


C24Hl2^2^2^4 

Sulphobenzodiamine." 


*  The  formation  of  benzidine  should  not  be  left  unmentioned.  It  is  obtained  by 
thfe  action  of  reducing  agents,  sulphuretted  hydrogen  or  sulphurous  acid,  upon  azo 
benzol : 

C,,H,N   +   HS  =  Ci,H„N  +  S 


Azobenzol. 


Benzidine. 


We  are  utterly  ignorant  of  the  constitution  of  benzidine,  but  it  can  scarcely  be 
doubted  that  this  substance  is  a  diacid  diamine,  and  tliat  its  molecule  is  represented 
by  the  formula 

(C,,H,,)"""}N, 
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Formation  of  Organic  Bases  hij  the  Decomposition  of  Nitrogenous 

Substances. 

The  bases  generated  in  tMs  manner  are  exceedingly  numerous  ; 
they  belong  to  very  different  groups  of  Organic  Chemistry^  and  are 
produced  by  the  greatest  variety  of  agents. 

The  destructive  distillation  of  nitrogenous  substances,  has  pro- 
duced a  rich  harvest  of  organic  bases.  A  great  variety  of  meta- 
morphoses may  be  accomplished,  depending  on  the  composition  of 
the  body  distilled,  and  on  the  temperature  to  which  it  is  exposed. 
In  most  cases,  part  of  the  carbon  separates  as  carbonic  acid,  whilst 
the  nitrogen  is  eliminated,  partly  as  ammonia,  partly  associated 
with  the  rest  of  the  carbon,  and  some  hydrogen  in  the  form  of 
derivatives  of  ammonia.     Generally  water  is  an  accessory  product. 

Anthranilic  acid,  submitted  to  distillation,  splits  into  carbonic 
acid  and  phenylamine ; 


Anthranilic  acid.  Phenylamine. 

The  dry  distillation  of  indigo  likewise  yields  phenylamine ;  the 
same  base,  together  with  a  host  of  others,  is  genei-ated  by  the 
destructive  distillation  of  coal  and  animal  matter. 

Together  with  phenylamine,  the  products  of  distillation  of  coal, 
contain  a  series  of  homologous  tertiary  monamines,  isomeric  with 
the  primary  monamines  of  the  phenyl-group  : 

Pyridine      .     .     .  (CioH5)'"}N 

Picoline  ....  (Ci.,H7)'"}N 

Lutidine       .     .     .  (Ci4H9)'"}N 

Collidine      .     .     .  (Ci6Hii)'"}N 

In  coal  gas-naphtha  are  found,  moreover,  three  tertiary  mona- 
mines of  another  homologous  series  : 


Leucoline      .     . 

,     .     (C,3H,)'"N 

Lepidinc  . 

.     (C,oH,)'"N 

Cryptidine    .     . 

.     (C22Hn)"N 

The   series  of  pyridine-bases  also  exists  in  Dippel's  Oil,  asso- 
ciated with  a  great  number  of  the  ordinarv  alcohol- bases  : 
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Methylamine  .  .  (C2H3)H2}N 

Ethylaraine     .  .  (C^HJhJn 

Propylamine    .  .  (C6H7)H2}N 

Butylamine      .  .  (CgHJHJN 

Amj'lamine      .  .  (CjoHjJHgjN 

The  series  of  pyridine-bases  has  also  been  found  among  the 
products  of  distillation  of  Devonshire  shale,  which  contain,  more- 
over, parvoline  CjgHjgN,  a  higher  term  of  the  same  series. 

The  processes  by  which  bases  are  generated  in  the  destructive 
distillation  of  vegetal  and  animal  substances,  are  obviously  ex- 
tremely complicated,  and  can  scarcely  be  traced  in  formulae.  The 
products  of  distillation  of  coal  contain  only  a  comparatively  small 
proportion  of  organic  bases,  evidently  because  the  nitrogenous 
principles  from  which  they  arose  were  present  only  in  small 
quantity;  and,  moreover,  because  a  portion  of  nitrogen  is  elimi- 
nated in  the  form  of  ammonia.  We  may  assume  that  these  bases 
owe  their  origin  to  the  albuminous  principles  of  the  plants  con- 
verted into  coal.  Starting  on  this  supposition.  Chemists  have 
examined  the  products  obtained  by  distilling  those  parts  of 
plants,  which  are  rich  in  nitrogen.  All  these  products  contain 
a  variety  of  bases ;  but  they  are  not  yet  sufficiently  examined. 
Thus  the  distillation  of  beans  has  furnished  a  base,  which  appears 
to  contain  C,oHgN  (CjoH^N?),  and  for  which  the  name  fabine 
has  been  proposed.  Bases  have  also  been  found  among  the  products 
of  distillation  of  turf. 

Among  the  bases  generated  by  processes  of  destructive  distil- 
lation, a  remarkable  product,  obtained  by  the  action  of  heat  on 
aldehyde-ammonia,  deserves  to  be  mentioned.  The  formation  of 
this  substance,  which  appears  to  be  hydrated  oxide  of  tetravinyl- 
ammonium. 


n    H    NO     -    [(^4^3)4^]].  o 


has  not  been  sufficiently  studied,  but  may  probably  be  represented 
by  the  following  equation  : 

4C4H7NO2  =  3H2O2  +  3H3N  +   C,6Hi3N02 


Aldehyde-ammonia.  Hydrated  oxide  of  tetravinyl- 

ammooium. 

Results,  similar  to  those  produced  by  the  destructive  distillation 
of  nitrogenous    substances,  are    obtained   by  the  action   of  the 
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hydrated  alkalies,  frequently  by  simply  boiling  them  with  a  concen- 
trated solution  of  potassa.  The  action  of  such  powerful  agents 
however,  generally  induces  a  more  definite  decomposition. 

As  the  finest  illustrations  of  this  reaction,  the  transformations 
of  the  cyanic  ethers  and  of  the  compound  ureas  must  be  quoted. 
Under  the  influence  of  an  hydrated  alkali,  cyanic  acid  assimilates 
2  equivs.  of  water,  and  splits  into  carbonic  acid  and  ammonia. 
In  a  similar  manner,  cyanate  of  methyl,  ethyl,  amyl,  allyl,  and 
phenyl,  furnish  carbonic  acid,  and,  respectively,  methylamine, 
ethylamine,  amylamine,  allylamine,  and  phenylamine  : 

(CA)^^H}N   +  2(K0,H0)   =  K^  C^Og  +   H3N 

Cyanic  acid.  Ammonia. 

(CA)"(C2H3)}N   +    2(K0,  HO)    =     K^CA   +    (C,H3)H,}N 

Cyanate  of  methyl.  Methylamine. 

By  submitting,  at  proper  temperatures,  cyanate  of  ethyl  to 
the  action  of  ethylate  of  potassa  instead  of  the  hydrate,  bases  of 
a  higher  degree  of  substitution  have  been  obtained.  Cyanate  of 
ethyl  thus  treated  furnishes  triethylamine  : 

(C202)"(C4H5)}N   +  2^K0,  C4H5O)    =    K^CA   +    (C,Hs)3}N 

Cyanate  of  ethyl.  Triethylamine 

Since  the  ureas  are  simply  formed  by  the  association  of  the 
cyanates  with  ammonia,  it  is  obvious  that  their  decomposition  by 
the  hydrated  alkalies  must  yield  ammonia,  together  with  the 
products  of  the  transformation  of  the  cyanates  : 

{C^O^rB,}^,    +    2(K0,  HO)     =    K^CA    +    2H3N 


Urea.  Ammonia. 

(C20,)"(C2H3)H3}N2  +  2(K0,  HO)  =  K.C.Oe  +  (C,H3)H,}N 

Methyl-urea.  Methylamine. 

+    H3N 

Ammonia. 

Diethyl-urea  thus  treated,  furnishes  carbonate  of  potassium  and 
2  equiv.  of  ethylamine ;  cthyl-amyl-urea  carbonate,  1  equiv.  of 
ethylamine,  and  1  equiv.  of  amylamine. 


296  HOFMANNj  ON   AMMONIA 

(C,0,)--(C,H,),H,}N,  +  2(K0,H0)  =  K,CA  +  2[(C,Hs)H,}Nl 

Diethyl -urea.  Ethylamine. 

(C,0,)-(C,H,)(C^oH^,)H,}N,  +  2(K0,H0)   ==  K^C^ 

Ethylamyl-urea. 

+   (C,H,)H,}N   +   (C,oH,,)HJN' 

Ethylamine.  Amylamine. 

In  a  similar  manner  indigo  and  isatin  are  converted  by  fusion 
with  the  hydrated  alkalies  into  phenylamine,  the  only  difference 
being  the  simultaneous  evolution  of  hydrogen  gas. 

C,6H,yQ,  +  4(KO,HQ)  +  HA-2(K,AQ6)  +  (Ci2H5)HJN  +  H, 

Indigo.  Phenylamine. 

C.eHsNO,   +  4(K0,H0)  =  2(K.,ap6)    +  (C,,Hs)HJN  +  H^ 

Isatin.  Phenylamine. 

Quinine^  cinchonine^  and  strychnine,  when  distilled  with  the 
hydrated  alkalies,  furnish  leucoline  ;  but  the  processes  cannot  be 
expressed  by  simple  equations,  since  other  products  are  simul- 
taneously formed.  Thus,  the  distillation  of  cinchonine  furnishes, 
together  with  leucoline,  lepidine  and  the  pyridine-bases,  up  to 
collidine. 

The  same  remark  applies  to  the  transformation  of  piperine  into 
piperylamine,  of  cafleine  into  methylamine,  and  of  morphine, 
codeine,  and  narcotine,  into  bases  which  are  as  yet  scarcely 
examined. 

Not  less  complicated  are  the  decompositions  of  horn,  and  animal 
substances  in  general,  under  the  influence  of  the  fusing  hydrated 
alkalies,  which  give  rise  to  the  formation  of  glycocine  C4H5NO4, 
leucine  C12H13NO4,  tyrosine  CjgHjjNOg  and  even  amylamine 
C,„H,3N. 

The  combinations  of  the  aldehydes  with  bisulphite  of  ammo- 
nium, when  submitted  to  the  action  of  the  hydrated  alkalies 
(soda-lime),  also  yield  bases.  The  compound  of  aldehyde  {par 
excellence),  C4H4O2,  is  thus  converted  into  dimethylamine 
C4H7N;  that  of  oenanthyl-aldehyde  C^^Yi^^O^,  into  tricaproylamine 
CggHggN,  tlwt  of  ciuu auiy  1" al dchy d c  CjgHg02,  into  tripheuylamine 
CggHjgN.  These  processes  cannot  be  represented  by  a  general 
equation,  since  a  glance  at  the  formulae  shows  that  the  relation  in 


AND    ITS    DERIVATIVES. 


297 


which  the  products  stand  to  each  other,  differs  from  the  relation 
which  obtains  between  the  mother-compounds. 

On  the  other  hand,  the  formation  of  the  bases  furnished  by  the 
destructive  distillation  of  sulphocyanide  of  ammonium,  may  be 
readily  represented  in  formulae.  Among  the  products  of  this 
process,  an  amorphous  body,  melam,  CjjHgNjj,  is  found,  which 
by  the  assimilation  of  more  or  less  water,  yields  the  three 
rei^arkable  bases,  melamine,  ammeline,  and  ammelide,  which  are 
particularly  interesting  as  the  first  basic  compounds  artificially 
produced  n;  the  laboratory. 


Cj2HgNii 

+ 

H2O2        = 

CeHeNg     + 

CeH.N.O, 

Melam. 

Melamine. 

Ammeline. 

CjgHgNjj 

+ 

2HA     = 

2C6H5N5O2 

+       H3N 

Melam. 

Ammeline. 

C,,H,N,, 

+ 

4H2O,     = 

2C6H,N,0, 

+       3H3N 

Melam. 

Ammelide. 

Among  the  bases  formed  by  the  action  of  the  alkalies  upon 
nitrogenous  bodies,  sarcosine  has  lastly  to  be  mentioned,  which 
is  produced  by  merely  boiling  creatine  with  baryta. 


C3H9N3O4  +    H2O2    +    2(BaO,HO)    =    Ba2C20e    +    2  H3N 


Creatine. 


Sarcosine. 


Compared  with  the  basic  products  resulting  from  destructive 
distillation,  the  number  of  bases  obtained  by  ordinary  processes 
of  oxidation  is  insignificant. 

Cotarnine  and  narcogenine  are  basic  products  of  oxidation  of 
narcotine,  obtained  together  with  opianic  acid,  by  the  action  of 
binoxide  of  manganese  and  sulphuric  acid,  or  of  dichloride  of 
platinum. 

C46H25^'Oi4      +     40      =     C26H,3N06       +       C20H10O10       +       H2O2 


Narcotine. 


Cotarnine. 


Opianic  acid. 


2C46H25NO1,    +   40    =    2C36H,gNOio   +   C2oHj„0,o  +   H2O, 


Narcotine. 


Narcogenine. 


Opianic  acid. 
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Harmine  exists  ready  formed  in  the  seeds  of  Peganum  Harmala, 
but  is  also  obtained  by  the  oxidation  of  harmaline. 

C,6H,,N,0,     +     20     =     C,6H,,NA     +     H^ 

Harmaline.  Harmine. 

The  action  of  strong  nitric  acid  upon  brucine,  gives  rise  to  the 
formation  of  cacotheline,  a  nitrobase,  oxalic  acid  and  nitiite  of 
methyl  being  simultaneously  produced. 


C46H2fiNA     +     MHNOg)      =     C,oH,,(NOJ,N20 


10 


Brucine.  Cacotheline. 

+    H.c.o^    +    c,H3yo,    +    2NO2    +    2H2O2 

Oxalic  acid.  Nitrite  of  methyl. 

Creatine  when  submitted  to  the  action  of  oxide  of  mercury^  is 
transformed  into  oxalate  of  methyluramine,  carbonic  acid  and 
water. 

2C,H,N30,    +    100  =  2C,H,N3,C,H,03    +    20^0^  +    H^O^ 

Creatine.  Oxalate  of  methyluramine. 

The  formation  of  the  bases  (C2„H(.2„  +  3))N,  and  of  several  other 
series,  from  the  natural  alkaloids,  by  dry  distillation,  or  by  the 
action  of  the  hydrated  alkalies,  has  been  already  mentioned. 
This  transformation  often  appears  to  succeed  more  readily  after  the 
natural  alkaloids  have  been  previously  oxidized  by  nitric  acid. 
The  volatile  bases  are  then  frequently  expelled  by  merely  boiling 
the  product  with  potassa. 

Organic  bases  have  been  observed  to  be  formed  m  a  variety  of 
processes  of  putrefaction  and  fermentation.  Thus,  the  putre- 
faction of  wheaten  flour  gives  rise  to  the  formation  of  trimethyla- 
mine,  ethylamine,  and  amylamine.  The  former  base  is  also  found 
in  putrefied  urine,  and  in  considerable  quantities  in  the  liquor  of 
salt  herrings.  In  the  putrefactive  decomposition  of  flesh,  lastly, 
a  portion  of  the  nitrogen  appears  to  be  eliminated  in  the  form  of 
organic  bases. 

In  concluding  this  section,  a  few  processes  may  be  briefly  men- 
tioned which  have  furnished  important  sources  of  organic  bases, 
but  can  as  yet  scarcely  be  regarded  from  a  general  point  of  view. 

Glycocine    (acetamic    acid),    the    formation    of    which    from 
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chloracetic  and  brom  acetic  acid,  has  been  pointed  out,  was  ori- 
ginally obtained  by  the  action  of  sulphuric  acid  on  gelatine.  It  is 
also  produced  by  the  action  of  acids  upon  hippuric  and  cholic  acids 

Hippuric  acid.  Benzoic  acid.  Glycocine. 

C52H43NQ,,     +     HO     =     C,3H3,03,HQ     +      C.H^NO, 

Cholic  acid.  Choloic  acid,  Glycocine. 

C52H43NO10    +     HA    =    C^gH^g    +    C,H,NO, 

Hyoglycholic  acid.  Hyocholoic  acid,  Glycocine. 

Alanine  (propionamic  acid)  owes  its  origin  to  a  most  remarkable 
process,  viz.,  the  action  of  hydrocyanic  acid  upon  aldehyde. 

C^H.O^     +     HC,N     +     HA     =     CfiH^NQ, 

Aldehyde.  Hydrocya-  Alanine, 

nic  acid. 

Probably  it  will  be  also  formed  by  the  action  of  cliloropropiouic 
acid  upon  ammonia. 

Valeraldehyde  submitted  to  the  action  of  hydrocyanic  acid,  gives 
rise  to  the  formation  of  leucine. 

C^qH.A     +     HC,N     +     HA     =     C12H13NO4 

Valeraldehyde,  Hydrocya-  Leucine. 

nic  acid. 

The  aldehydes  are  also  convertible  into  bases,  by  the  action 
of  sulphuretted  or  selenetted  hydrogen,  upon  their  ammonia- 
compounds. 

3  C.H^NO^    +    6HS     =    Ci^H^gNS^    +    3  HA  +    2  H4NS 

Aldehyde-  Tbialdine. 

ammonia. 

3C4H7NO2    +    6HSe    =   Ci.HjgNSe^    +   3  HA  +   2  H^NSe 

Aldhyde-  Selenaldine, 

ammonia, 

3C10H13NO2  4    6HS     =    C3oH3iNS4_  -r    3  HA  -^   2  H^NS 

Valeraldehyde-  Valerothialdine. 

ammonia. 
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More  isolated  still  are  the  reactions  whicli  give  rise  to  the 
formation  of  cyanethiue,  of  acediamine,  and  of  cyanoline. 

The  former  is  produced  by  submitting  cyanide  of  ethyl  to  the 
action  of  potassium^  when  the  cyanide  is  simply  polimerized. 


Cyanide  of  ethyl. 


Cyanethine. 


Acediamine   owes  its  origin  to  the  action  of  hydrochloric  acid 
upon  acetamide. 


2C,H,N0, 

Acetamide. 


Acediamine. 


+ 


C4H4O4 

Acetic  acid. 


Cyanoline,   lastly,    is   formed    by   the    action   of    chloride    of 
cyanogen  upon  ethylate  of  potassium. 

C4H5KO2     +     C2NCI     =     KCl     +      CgH^NO^ 


Ethylate  of 
potassium. 


Chloride  of 
cyanogen. 


Cyanoline. 


Cyanoline  is  isomeric  with  cyanate  of  ethyl. 


Allusion  has  already  been  made  to  a  numerous  group  of  bases, 
produced  by  the  substitution  of  chlorine,  bromine,  iodine,  and  hypo- 
nitric  acid,  for  hydrogen  in  the  normal  derivatives  of  ammonia. 
They  are  generally  less  basic  than  the  mother-compounds,  and 
sometimes,  when  the  substitution  has  gone  rather  far,  they  are 
actually  neutral  bodies.  Numerous  derivatives  of  the  organic 
bases  have  been  obtained,  moreover,  by  simple  assimilation  of 
iodine  or  cyanogen.  As  illustrations  of  these  several  classes,  the 
derivatives  of  phenylamine  and  of  codeine  may  be  quoted. 

Phenylamine CjjH^N 

Chlorphenylamine Cj2(HgCl)N 

Dichlorphenylamine Cj2(HgCl2)N 

Trichlorphenylamiue Cj2(H4Cl3)N  (neutral) 

Bromphenylamine C|2(HgBr)'N" 

Dibromphenylamine Ci2(H5Br2)N 
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Tribromplienylaraine Ci2(H4Br3)N  (neutral) 

Chlorodibromphenylamine    ....  Cj2(H4ClBr2)N  (neutral) 

lodphenylamine Ci2(HgI)N 

Nitrophenylamiue Cj2(H(„N0JN 

Dinitrophenylamine Cj2(H5[N04]2)N(neutral) 

Trinitrophenylamine Cj2(H4[N04]3)N  (neutral) 

Cyauphenylamine C^2H7N,  C2N 


Codeine  .  . 
Chlorcodeine. 
Bromcodeine . 
Tribromcodeine 
Triiodcodeine 
Nitrocodeine . 
Dicyancodeine   , 


C36H21NO, 


C36(H2oCl)N06 
C3e(H2oBr)NO, 
C3,(H,3Br3)N06 

C36(H,oNO,)N06 


In  most  cases  these  derivatives  are  formed  by  the  direct  action 
of  chlorine,  bromine,  iodine,  cyanogen  and  nitric  acid,  upon  the 
normal  bases.  In  some  instances  they  are  obtained  by  indirect 
processes,  from  other  substituted  compounds.  Thus  isatin,  when 
distilled  with  potassa,  is  converted  into  phenylamine;  chlorisatin 
and  bromisatin,  dichlorisatin  and  dibromisatin,  when  submitted  to 
a  similar  treatment,  yield  respectively,  chlorphenylmine  and 
bromphenylamine,  dichlorphcnylamine  and  dibroraphenylamine. 
Nitrobenzol,  when  acted  upon  by  reducing  agents,  furnishes 
phenylamine ;  dinitrobenzol  is  converted  into  nitrophenylamiue. 

In  addition  to  the  bases  in  which  we  assume  the  elements  of 
hyponitric  acid  to  replace  the  hydrogen  of  the  radical,  there  exists 
another  group,  only  recently  discovered,  in  Avhich  the  hydrogen  of 
the  radical  is  replaced  by  binoxide  of  nitrogen.  Thus  dinitro- 
naphthalin  yields  by  reduction — 

(C2oH6,N02)) 
Ninaphtylamine  C20H8N2O2    =  H  V  N 


H 


instead  of 


(C2oH6,NO,)) 
Nitronaphtylamine  C20H3N2O4   =        H  >  N 

H  I 
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Metalamines. 

Closely  connected  with  the  substances,  discussed  in  the  previous 
sections,  are  two  classes  of  bodies  derived  from  ammonia  and 
from  oxide  of  ammonium,  by  the  substitution  of  metallic 
elements  for  hydrogen.  The  metallic  ammonia-derivatives  are  all 
neutral,  and  will  therefore  be  considered  under  the  head  of 
amides.  Here  we  have  only  briefly  to  notice  a  group  of 
metallic  derivatives  of  hydrated  oxide  of  ammonium,  greatly 
resembling  in  their  general  characters  the  organic  bases  derived 
from  oxide  of  ammonium.  They  difi'er,  however,  essentially  from 
the  latter,  inasmuch  as  there  is  only  one  equivalent  of  hydrogen 
replaced  in  these  bodies,  whilst  the  organic  ammonium-bases 
no  longer  contain  any  unreplaced  ammonium-hydrogen. 

The  metals,  which  appear  to  be  most  inclined  to  enter  into  such 
combinations,  are  the  several  members  of  the  platinum  group. 
The  compound  metals,  platammonium,  palladammonium  and 
iridammonium,  have  as  yet  been  chiefly  studied  in  their  saline 
combinations ;  even  the  hydrated  oxides  being  but  imperfectly 
known. 

Chlorides. 
[PtHgNJCl  [PdH3N]Cl  [IrHgNJCl 

Hydrated  Oxides. 
[PtH3N]>Q  [PdH3N]>Q  [IrHsNllo 

The  compounds  belonging  to  this  group  are  formed  by  the 
action  of  ammonia  upon  the  protochlorides  (in  general  the  salts 
corresponding  to  the  protoxides)  of  platinum,  palladium,  and 
iridium.  The  chlorides  thus  obtained  may  be  converted  into 
sulphates,  nitrates,  oxalates,  etc.,  by  treatment  with  the  corre- 
sponding silver-compounds ;  the  hydrated  oxides,  lastly,  are  libe- 
rated by  submitting  the  sulphates  to  the  action  of  baryta,  or, 
better,  the  chlorides  to  the  action  of  oxide  of  silver. 

On  treating  the  protochlorides  of  the  above  metals  with 
organic  monamines,  corresponding  bodies  are  formed,  containing, 
in  addition  to  the  metal  replacing  hydrogen,  an  organic  molecule, 
performing  a  similar  function.  We  obtain,  in  this  manner,  the 
chlorides  of 
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Palladetliyl-amraoniani  [Pd(C4H5)H2N]Cl  and 

Palladophenyl-amraonium        [Vd{C^^li^)  H2N]C1 

Similar  salts  are  produced  by  boiling  the  platinum-salts  of 
several  organic  bases  with  water,  when  hydrochloric  acid  separates 
and  chlorine  is  eliminated  in  secondary  products  of  decomposi- 
tion. Thus  the  double  salt  of  dichloride  of  platinum  and  hydro- 
chlorate  of  pyridine  yields  the 

Chloride  of  Platopyridyl-ammonium      [Pt  (CioH5)'"N]Cl 

Under  the  influence  of  chemical  agents,  these  metalam- 
monium-compounds  are  converted  into  substances  of  a  more 
complicated  constitution.  Chloride  of  platammonium,  when  sus- 
pended in  water  and  submitted  to  the  action  of  chlorine,  is  trans- 
formed into  a  new  salt,  PtHgNClj,  differing  from  the  former  by 
containing  an  additional  equivalent  of  chlorine.  By  continued 
boiling  with  nitrate  of  silver,  this  new  chloride  is  converted  into 
a  nitrate,  from  which  ammonia  separates  a  crystalline  substance 
of  the  composition  PtHgNO^. 

These  formulae  have  received  diflFerent  interpretations  :  whilst 
some  Chemists  see  in  the  new  compounds  a  higher  chloride  and  a 
higher  oxide  of  platammonium, 

Dichloride  of  platammonium         [PtH3N]"Cl2 
Dioxide  of  platammonium  [PtHgNJ'O  ^ 

others  object  to  this  view  that  a  dichloride  of  ammonium,  H^NClj, 
has  never  been  obtained,  and,  guided  by  the  fact  that  the  new 
compound  is  proved,  by  its  deportment  with  silver-salts,  to  contain 
the  chlorine  in  two  different  forms,  they  assume  that  the  hydrogen 
in  ammonium  may  be  replaced,  not  only  by  metals,  but  even  by 
chlorides  and  oxides  of  metals.  The  bodies  in  question  would 
thus  become  : 

Chloride  of  chlorplatammonium     [(PtCl)'H3N]CI,  and 
Oxide  of  oxyplatammonium  [(PtO)'H3N]>  p.    .jTn 
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Whatever  view  may  be  taken  regarding  these  substances,  it  is 
obvious  that  some  of  the  salts,  obtained  by  boiling  the  platinum- 
compounds  of  several  of  the  organic  bases,  belong  to  the  same 
class.  Thus  the  platinum-salt  of  pyridine  furnishes,  together 
with  tlie  chloride  of  platopyridyl-amraonium,  a  second  compound, 
containing  twice  the  quantity  of  chlorine  present  in  the  former 
salt : 

Dichloride  of  platopyridyl-ammonium     [Pt(CioH5)'"N]Cl2 

Not  less  complicated  appears  the  constitution  of  a  series  of 
derivatives  obtained  from  the  chloride  of  platammonium  by  the 
action  of  ammonia.  This  process  gives  rise  to  the  formation  of 
prismatic  crystals,  PtHgN2Cl,  from  which,  by  treatment  with 
silver-salts,  a  series  of  Avell-defined  saline  bodies,  PtHgN2X,  and, 
lastly,  by  the  action  of  oxide  of  silver,  an  excessively  caustic  oxide, 
PtHgN20,H0  may  be  obtained. 

These  substances  exhibit  considerable  analogy  with  those  deri- 
vatives of  the  organic  bases,  which  in  a  preceding  section  we  have 
designated  as  diamine-ammonium-compounds. 

Chloride  of  platamine-ammonium         [Pt(H3N)2]Cl 

Hydrated  oxide  of  platamine-ammonium      [Pt(H3N)2]7  p. 

H      I  ^2 

But  they  may  also  be  viewed  as  ordinary  ammonium-com- 
pounds if  we  assume  that  the  hydrogen  in  ammonium  is  capable 
of  being  replaced  by  ammonium  itself.  The  compounds  in  ques- 
tion would  thus  become  : 

Chloride  of  platammon-ammonium  [Pt(H4N)H2N]Cl,  and 

Hydrated  oxide  of  platammon-ammonium    [Pt(H4N)H2N])   ^ 

H  j    ^2 

If  protochloride  of  platinum  be  treated  with  an  excess  of  me- 
thylamine  or  ethylamine,  until  the  insoluble  compounds  produced 
in  the  first  stage  of  the  process,  are  redissolved,  the  corresponding 
methyl-  and  ethyl-derivatives  are  formed : 


Chloride  of  platodimethyl-amine-         r-ni/n  tt    xr  tvt\  -i/-n 
ammonium  lyK^'z^^Mi^hl  d 

Chloride  of  platodiethyl-amine-  rptiT  tt   tt  N^  in 


ammonium 
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Two  similar  palladium-compounds  are  produced  by  the  action  of 
ethylamine  on  chloride  of  palladammonium  and  upon  protochloride 
of  palladium : 


Chloride  of  palladethyl-amine-         rpd(C,H5,H,N,H3N)] CI 
ammonmm  ^      v   4    a^     ^    ^    cs    /j 

Chloride  of  palladodiethyl-  [PdlC.H^,  H,N),]C1 


amine-ammonium 

The  action  of  chlorine  upon  the  chloride  of  platamine-ammo- 
nium  is  similar  to  that  on  the  chloride  of  platammonium ;  it 
gives  rise  also  to  the  formation  of  a  compound  differing  from  the 
original  substance  by  an  additional  equivalent  of  chlorine. 

The  views  taken  by  Chemists  respecting  the  chlorinetted  chlo- 
ride of  platammonium^  are  of  course  equally  applicable  to  the 
analogous  derivative  of  the  platamine- ammonium- series.  This 
derivative  may  accordingly  be  considered  as 

Dichloride  of  platamine-ammonium     [Pt(H3N)2]"Cl2,  or  as 

Chloride  of  chlorplatamine-ammonium     [(PtCl)'(H3N)2]Cl 

The  latter  view  is  supported  by  the  observation  that  silver- 
salts  remove  from  this  compound,  at  once  or  after  a  short  boiling, 
only  half  the  chlorine,  the  second  half  being  eliminated,  with 
considerable  difficulty,  after  protracted  ebullition.  The  removal 
of  1  equiv.  of  chlorine,  by  means  of  nitrate  of  silver,  gives  rise  to 
the  formation  of  a  well-defined  nitrate,  which  may  be  also 
obtained  by  the  action  of  nitric  acid  upon  the  chloride  of  plat- 
ammonium.  According  as  we  take  the  former  or  the  latter 
view,  this  nitrate  must  be  regarded  as 

Chloro-nitrate  of  platamine-     rp^-crr  tvt\  y/i    CI 
ammonium  '-     \   ^    /2J  /  NOg 

Nitrate  of  chlorplatamine-       r(ptci)'(H,N)JNO« 
ammonmm  "-^        /  v.    j    /2j       b 

The  corresponding  oxide, 
has  rot  as  yet  been  formed. 

VOL..    XI.  X 
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The  deportment  of  mercury-salts  with  ammonia  presents  pheno- 
mena, strongly  resembling  those  which  are  observed  in  the 
analogous  reactions  with  platinum-salts.  When  corrosive  subli- 
mate is  added  to  a  boiling  solution  of  chloride  of  ammonium, 
until  the  precipitate  first  formed,  is  redissolved,  the  liquid  deposits 
on  cooling,  a  dodecahedric  salt,  containing  HgCljHgN,  which  may 
be  viewed  as  chloride  of  mercurammonium  [HgHgNJCl.  Gently 
heated,  these  crystals  lose  half  their  ammonia,  being  converted 
into  2HgCl,H3N,  or  a  double  salt  of  chloride  of  mercurammo- 
nium with  chloride  of  mercury  [HgH3N]Cl,HgCl.  Analogous 
iodides  exist,  but  neither  the  sulphate,  the  nitrate,  nor  the 
corresponding  oxide  have  hitherto  been  produced. 

The  white  precipitate  produced  by  adding  an  excess  of  ammonia 
to  a  solution  of  corrosive  sublimate,  contains  HgCl,HgH2N.  It 
may  be  viewed  as  chloride  of  dimercurammonium  [Hg2H2N]Cl. 
If  the  chloride  of  mercury  be  used  in  excess,  the  precipitate  has 
the  composition  of  a  double  salt  of  the  chlorides  of  dimercuram- 
monium and  mercury  3HgCl,HgH2N  =  [Hg2H2N]Cl,2HgCl. 
In  a  similar  manner  the  yellow  body  2HgO,HgCl,HgH2N,  formed 
by  continued  washing  of  the  white  precipitate  with  water  or  dilute 
alkali,  may  be  regarded  as  a  double  salt  of  chloride  of  dimercur- 
ammonium and  oxide  of  mercury  [Hg2H2N]Cl,  2HgO.  This 
compound  admits,  however,  also  of  another  interpretation. 

Bromide  of  mercury  gives  rise  to  the  formation  of  analogous 
compounds.  The  so-called  basic  ammonio-nitrate  of  mercury 
HgNOg,2HgO,H3N,  when  boiled  with  ammonia  and  nitrate  of 
ammonium,  is  converted  into  a  yellow  crystalline  salt 
HgNOg,HgO,Il3N,  which  may  be  viewed  as  hydrated  nitrate  of 
dimercurammonium  [Hg2H2N]NOg  +  HO.  Other  compounds 
of  this  series,  and  especially  the  oxide  corresponding  to  the  white 
precipitate,  are  not  known. 

The  brown  nitride  of  mercury  IlggN,  which  is  formed  by  the 
action  of  ammonia  on  yellow  oxide  of  mercury,  does  not  combine 
with  acids,  and  must,  therefore,  be  viewed  as  trimercuramide. 
On  the  other  hand,  the  basic  ammonio-nitrate  of  mercury,  to 
which  allusion  has  already  been  made,  might  be  considered  as 
hydrated  nitiate  of  trimercuraramonium  [Hg3HN]N0g  +  2  HO. 

There  exists  lastly,  a  large  group  of  ammoniacal  mercury-salts, 
which  may  be  interpreted  as  tetramercurammonium-com pounds. 

Yellow  protoxide  of  mercury,  when  treated  with  ammonia, 
furnishes  a  compound   of  the  same  colour,  which  dried    at  the 
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common  temperature  in  the  air,  contains  4HgO,H3N  +  H2O2. 
Exposed  for  some  time  over  sulphuric  acid,  it  loses  2  equivs.  of 
.  water,  and  lastly  becomes  3HgO,HgH2N,  when  dried  at  130.° 
This  body  is  a  powerful  base,  expelling  ammonia  from  its  com- 
pounds, and  forming,  with  the  acids,  well-defined  salts  capable  of 
double  decomposition.  The  free  base  may  be  boiled  with  the 
alkalies  without  undergoing  any  change.  The  compound  in 
question  may  be  viewed  as  hydrated  oxide  of  tetramercurammo- 

nium  '-    ^'^LT     r  O2+HO.  The  salts  of  this  base,  have  the  general 

formula  [Hg^N]X  -|-  H2O2.  It  deserves  to  be  noticed  that  these 
salts  retain  the  2  equivs.  of  water  which  were  originally  present  in 
the  oxide,  and  that  this  water  cannot  be  separated  without 
destroying  them.  This  observation  appears  in  some  measure  to 
militate  against  the  tetramercurammonium-theory.  In  fact,  the 
substances  in  question,  may  be  also  considered  as  salts  of  dimer- 
curammonium  combined  with  protoxide  of  mercury.  Indeed, 
a  salt,  which  has  just  been  represented  as  a  compound  of  chloride 
of  dimercurammonium  with  protoxide  of  mercury,  may  as  rightly 
be  regarded  as  hydrated  chloride  of  tetramercurammonium 
[Hg2H2N]Cl,  +  2HgO  =  LHg,N]Cl  +  H2O2. 

Less  doubtful  appears  the  tetramercurammonic  character  in  the 
red  body,  which  is  formed  by  the  action  of  heat  upon  the  white 
precipitate.  This  compound  contains  2  HgCljHggN,  and  may  be 
considered  as  a  double  salt  of  chloride  of  tetramercurammonium 
and  chloride  of  mercury  [Hg^NjCl  +  HgCl. 

Suboxide  of  mercury  gives  rise  to  ammoniacal  compounds, 
perfectly  similar  to  those  which  have  been  mentioned.  They  are 
less  known. 

The  action  of  ammonia  upon  calomel,  produces  the  compounds 
Hg2Cl,H3N  and  2Hg2Cl, H3N,  which  may  be  viewed  as 
[(Hg2)'H3N]Cland  [{Hg2)'H3N]Cl,  Hg2Cl,  assuming  that  (Hg2)' 
performs  the  functions  of  1  equiv.  of  hydrogen. 

In  conclusion,  the  so-called  Mercu7'ius  solubilis  Hahnemanni, 
may  be  mentioned.  The  composition  of  this  compound  is  uncertain. 
According  to  some  Chemists,  it  contains  2Hg20,IIg2NOg,H3N, 
according  to  others  Hg20,  Hg2N0g,  H3N.  Adopting  the  mer- 
curammonium-theory  these  compounds  may  be  received  as  — 

[(Hg2)'3HN]N06   +   H2O2  or    [(Hg2)'H3N]NOs  -f  2Hg20  and 
[(Hg,)^,H2N]N06  +   HO  or  [(Hg2)-H3N]N06  +   Hg20 

~         ~~  x2 
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If  the  view  taken  of  the  constitution  of  the  ammoniacal  salts  of 
platinum  and  mercury  be  extended  to  the  combinations  of 
ammonia  with  other  metals,  we  arrive  at  an  almost  endless  series 
of  metalammonium-compounds,  amongst  which  the  combinations 
of  copper,  zinc,  cadmium,  nickel,  and  silver,  are  particularly  con- 
spicuous.    As  examples,  the  following  may  be  quoted  : — 

Ammoniacal  Chloride  of 

subchloride  of       Cu2Cl,H3N   =    [(Cu2)'H3N]  CI    cupros-am- 
copper  monium 


Ammoniacal 

protochloride 

of  copper 

Ammoniacal 

chloride  of 

zinc 


CuCl,H3N  =    [CuH3N]Cl 


ZnCl,H3N  =    [ZnH3N]Cl 


Chloride  of 

cupr-ammo- 

nium 

Chloride  of 
zinc-ammo- 
nium. 


Ammoniacal 
chloride  of 
cadmium 

Ammoniacal 

chloride  of 

uranium 


CdCl,H3N  =  [CdHgNJCl 


UCl^HgN  =    [UH3N]C1 


Chloride  of 

cadm-ammo- 

nium 

Chloride  of 

uran-ammo- 

nium 


Metallic  salts,  containing  more  than  one  equivalent  of  ammonia, 
appear  less  simple  when  regarded  from  this  point  of  view.  The 
ammon-ammonium  cannot  then  be  dispensed  with. 

Diammoniacal  Chloride  of 

protochloride  of   CuCl,2H3N  =  [Cu(H^N)H2N]Cl  cupr-ammon- 
copper  ammonium 

Diammoniacal  Chloride  of 

chloride  of       ZnCl,2H3N  =    [Zn(H4N)H2N]Cl  zinc-ammon- 
zinc  ammonium 

Diammoniacal  Iodide  of 

iodide  of         NiI,2H3N  =    [Ni(H^N)H2N]  I  nickel- ammon- 
nickel  ammonium 

_.  .      1  Nitrate  of 

Diammoniacal  f  om 

nitrate  of     AgNO„2H3N  =  [AglH.NjH^NjNO^^^;^!™: 
^^1^^^  nium 
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and  in  a  similar  manner — 

Triammoniacal  , . 

protochloride  of   CuCl,3H3N  =  [Cli(H4N)2HN]C1  cupro-cliam- 

copper 

^ '-  monium 

Triammoniacal  Chloride  of 

chloride  of  NiCl,3H3N=[Ni(H4N)2HN]Cl  nickel-diammon- 

uickel  ammonium 

Triammoniacal  Chloride  of 

chloride  of  CoCl,3H3N=  [Co(H4N)2HN]  CI  cobalt-diammon- 

cobalt  ammonium 

Nitrate  of  ar- 

SeTfl::'  AgNO,3H3N=[Ag(H.N),HN]NO,  ^^^- 

monium 

It  cannot  he  denied  that  these  interpretations  are  somewhat 
forced.  There  are,  moreover,  compounds  of  metallic  salts  with 
ammonia  in  proportions  which  altogether  defy  the  elasticity  of 
the  ammonium-type.  Considering,  lastly,  that  most  of  the  pre- 
viously mentioned  atnmoniacal  salts  are  extremely  unstable — 
many  losing  their  ammonia  by  simple  exposure  to  the  atmosphere 
• — and  that  in  scarcely  any  case  a  corresponding  oxide  has  been 
obtained,  it  becomes  obvious  that  in  the  majority  of  these  sub- 
stances, the  assumption  of  a  metalammonic  constitution  is  scarcely 
justified. 

We  terminate  this  imperfect  sketch  of  the  metalammonium- 
combi nations  by  briefly  noticing  a  peculiar  class  of  compounds 
which  has  attracted  considerable  attention  during  the  last  few  years, 
but  the  history  of  which,  notwitstanding  many  excellent  researches, 
is  still  far  from  being  finaUy  elaborated. 

When  ammoniacal  solutions  of  cobalt-salts  are  left  in  contact 
with  atmospheric  air,  we  find  that  in  addition  to  the  group  re- 
presented by  the  triammoniacal  chloride  of  cobalt,  which  has  just 
been  mentioned,  a  series  of  other  salts  is  formed,  generally  well 
crystallised  and  remarkable  for  the  number  of  ammonia-equivalents 
which  appear  to  be  joined  in  one  molecule. 

The  investigation  of  these  interesting  compounds  being  still 
incomplete,  we  must  limit  ourselves  to  enumerate  the  formulae 
given  by  their  discoverers,  and  to  state  the  conditions  under  which 
they  have  been  formed. 
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Roseo-cobalt-salts  are  formed  by  the  action  of  air  at  a  low  tem- 
perature on  the  ammoniacal  solution  of  a  cobalt-salt.  The  chlo- 
ride yields  in  this  manner  the  compound^  oHgN,  C02CI3. 

6C0CI  +    IOH3N   +   30  =  2(5H3N,  C02CI3)    +   C02O3 

Nitrate  of  cobalt,  similarly  treated,  yields  5H3N,Co2(NOg)3.  The 
sulphate  exhibits  an  analogous  deportment.  Preserved  for  some 
time,  the  roseo-cobalt-salts  are  transformed  into 

Purpweo-cobalt-salts,  which  may  be  more  readily  obtained  by 
boiling  the  solutions  of  roseo-cobalt-salts,  or  by  boiling  simply 
the  ammoniacal  solution  of  a  cobalt-salt  in  contact  with  air. 
The  ratio  of  cobalt  and  nitrogen  in  the  purpureo-cobalt-salts 
is  the  same  as  in  the  roseo-cobalt-salts,  from  which  they  differ, 
however,  in  form  and  properties,  often  also  in  the  propor- 
tion of  acid-equivalents  which  the  compound  ammonia-molecule 
in  these  salts  is  capable  of  fixing.  Treatment  of  the  sulphate 
with  baryta,  furnishes  a  powerfully  alkaline  solution,  which  con- 
stitutes the  free  base  of  the  series.  This  base  is  very  readily  de- 
composed.    The  platinum-salt  contains  5H3N,  C02CI3,  2PtCl2. 

Luteo-cobalt-salts  are  generated  apparently  under  the  same  cir- 
cumstances which  give  rise  to  the  previous  classes.  Their  prepa- 
ration is  very  uncertain,  and  appears  to  succeed  best  when  a  solu- 
tion of  chloride  or  sulphate  of  cobalt,  supersaturated  with  ammonia 
and  mixed  with  an  excess  of  sal-ammoniac  is  exposed  to  the  air. 
The  luteo-cobalt-salts  contain : 

Chloride     .     .     .     6H3N,  C02CI3 

Platinum-salt .     .     6H3N,  C02CI3,  3PtCl2  +  3H2O2 

Nitrate        .     .     .     6H3N,  Co2(N06)3 

The  base  of  this  series  has  been  likcAvise  isolated :  it  cannot, 
however,  be  obtained  in  the  dry  state. 

Roseo-  and  purpureo-cobalt-salts,  or  ammoniacal  solutions  of 
cobalt-salts,  when  submitted  to  the  action  of  nitrous  acid  are  con- 
verted into 

Xantho-cobalt-salts,  which  appear  to  contain  the  elements  of 
binoxide  of  nitrogen  : 

Chloride     .     .     .     NO2, 5H3N,  C02OCI2   +    HO 
Platinum-salt       .     NO2,  5H3N,  C02OCI2,  2PtCl2  -r   HO 

The  theory  of  these  compounds  is  not  yet  established. 
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The  sesqui-chlorides  of  iridium  and  rhodium  unite  with  ammonia 
to  form  compounds  of  the  formulse, 

5H3N,  Ir,Cl3,  and 

5H3N,  e;,ci3. 

Corresponding  sulphates  and  nitrates  have  been  formed.  The 
chlorides,  when  submitted  to  the  action  of  oxide  of  silver,  yield, 
with  difficulty,  alkaline  liquids  exhibiting  but  very  little  stability. 
The  constitution  of  these  compounds  appears  to  be  the  same  as 
that  of  the  roseo-cobalt-salts. 

Basic  Derivatives  of  Phosphoretted,  Antimonetted,  and  Arsenetted 

Hydrogen. 

It  is  impossible  to  leave  the  history  of  the  basic  nitrogen-com- 
pounds, without  alluding  briefly  to  a  series  of  basic  bodies 
containing  phosphorus,  arsenic,  and  antimonj^,  in  the  place  of 
nitrogen,  which  exhibit  both  in  constitution  and  chemical  deport- 
ment, a  remarkable  analogy  with  the  corresponding  terms  of  the 
nitrogen-series. 

In  the  preceding  part  of  this  discourse,  we  have  endeavoured  to 
refer  the  molecular  construction  of  the  nitrogen-bases  to  ammonia 
(ammonia- type),  or  hydrated  oxide  of  ammonium  (water-type) ; 
in  a  similar  manner,  the  substances  which  we  have  now  to  mention, 
may  be  referred  to  the  terhydrides  of  phosphorus,  arsenic  and  anti- 
mony corresponding  to  ammonia,  and  to  a  series  of  hypothetical 
compounds,  containing  phosphorus,  arsenic  and  antimony,  corres- 
ponding to  hydrated  oxide  of  ammonium,  and  consequently 
constructed  upon  the  water-type.  The  substances  derived  from 
the  analogues  of  ammonia  are  designated  by  the  terms  phosphines, 
arsines  and  stibines,  and  those  derived  from  hydrated  oxide  of  am- 
monium, as  phosphonium-,  arsonium-,  and  stibonium-compounds. 

The  classes  in  question  may  be  represented  by  the  following 
general  formulae : 

Compounds  constructed  on  the  Ammonia-type. 

Phosphines  B  yV    corresponding  to    H  >-  P 
CJ  H) 

^  }  .  ^^) 

Arsines        J5  >■  As    corresponding  to    H  >■  As 

C\  H 
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Stibines       5  >- Sb    corresponding  to    H  >•  Sb 
C)  H) 

Compounds  constructed  on  the  Water-type. 
Hydrated  oxides  of — 

Phosphonium         '-  TT      (   ^2 


H  ; 


'2 


.  .  r^^CDAs])   r^ 

Arsomum  *-  H        t      2 

Stibonium  ^  H      i  ^2 

On  comparing  phospboretted^  arsenetted,  and  antimonetted 
hydrogen,  with  the  corresponding  nitrogen -compound  with 
ammonia,  similarity  of  composition,  attended  by  similarity  of 
chemical  character,  appears  only  in  the  case  of  phosphoretted  hy- 
drogen, Avhich,  like  ammonia,  is  capable  of  combining  with  acids. 
This  combining  power,  however,  is  very  feeble,  only  a  few  saline 
compounds,  such  as  those  with  hydriodic  and  hydrobromic  acid,  and 
some  chlorides,  having  been  as  yet  obtained.  Arsenetted  and  anti- 
monetted hydrogen,  do  not  combine  with  acids,  they  have  in  fact, 
nothing  in  common  with  ammonia,  except  analogy  of  composition. 

This  want  of  similarity  in  chemical  deportment,  is,  however,  far 
less  apparent  in  the  derivatives  which  we  conceive  to  originate  from 
the  hydrides  by  the  substitution  of  alcohol-radicals  for  their 
hydrogen.  These  substitutions  give  rise  to  the  formation  of 
phosphorus-,  arsenic-,  and  antimony-compounds,  exhibiting  a 
coml)ining  tendency  for  acids,  scarcely  inferior  to  that  of  their 
nitrogen-analogues ;  by  the  transition  of  these  compounds  into 
bodies  constructed  upon  the  water-type,  even  the  last  discrepancies 
have  disappeared,  the  ammonium-,  phosphonium-,  arsonium-, 
and  stibonium-derivatives,  presenting  the  most  perfect  analogy  in 
their  chemical  deportment. 

The  basic  character  of  phosphoretted  hydrogen,  scarcely  percep- 
tible in  the  formation  of  a  few  feeble  saline  compounds,  is  so 
much  enhanced  by  the  substitution  of  methyl  or  ethyl  for  its 
hydrogen,  that  the  substitution-products,  thus  generated,  acquire 
the  properties  of  powerful  bases,  manifested  particularly  in  the 
formation  of  well-characterized  salts  and  platinum -compounds. 
They  have,  however,  no  action  on  vegetal  coloui's. 
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The  trimethylated  and  trietliylated  derivatives  of  arsenetted 
and  antimonetted  bydrogen,  resemble  their  analogues  in  the  phos- 
phorus-seriesj  in  their  mode  of  generation  and  in  their  constitution ; 
they  differ,  however,  considerably  in  their  chemical  deportmxcnt, 
inasmuch  as  all  attempts  to  produce  the  compounds,  corresponding 
to  the  ammonia-salts,  have  hitherto  entirely  failed. 

On  further  comparing  the  nitrogen-,  phosphorus-,  arsenic-, 
and  antimony-bases,  we  find  that  the  electro-positive  character  of 
these  compounds  rises  from  the  nitrogen-group  towards  the 
antimony-series;  acquiring  its  greatest  intensity  in  trimethyl- 
stibine  and  triethylstibine.  Whilst  trimethylamine  and  trie- 
thylamine,  for  instance,  are  incapable  of  entering  into  direct  com- 
bination with  oxygen,  chlorine,  bromine,  etc.,  we  find  in  the 
corresponding  compounds  of  phosphorus,  arsenic,  and  antimony 
so  great  an  attraction  for  these  elements,  that  combination  takes 
place  at  the  common  temperature,  frequently  with  explosive  violence. 
This  extraordinary  attraction  for  the  oxygeuides  constitutes  the 
most  characteristic  mark  of  distinction  between  the  nitrogen-bases, 
on  the  one  hand,  and  the  phosphorus- ,  arsenic-  and  antimony-bases 
on  the  other.  In  the  arsenic-  and  antimony-compounds  this  com- 
bining tendency  is  so  powerful  that  they  decompose  the  strongest 
acids  with  assimilation  of  the  electro-negative  constituent ;  and 
this  explains  sufficiently  why  these  substances  appear  incapable 
of  forming  saline  compounds  with  the  acids.  In  the  phosphorus- 
bases  this  combining  tendency  is  less  energetic ;  they  furnish  both 
salts  with  the  acids,  and  direct  combinations  with  their  oxygenides. 
The  phosphorus-bases  accordingly  form  the  link  of  connection 
between  the  nitrogen-group  and  the  arsenic-  and  antimony-series. 

This  gradation  is  no  longer  perceptible  in  the  substances  ana- 
logous to  hydrated  oxide  of  ammonium.  In  these  remarkable 
bodies  the  analogy  of  composition  induces  an  almost  absolute 
identity  of  chemical  deportment ;  and  we  are  surprised  to  find 
elements  so  dissimilar  as  nitrogen,  phosphorus,  arsenic,  and  anti- 
mony involved  in  the  formation  of  compounds  so  like  each  other, 
and  which,  in  fact,  we  can  distinguish  only  by  their  destruction. 

In  accordance  with  the  experience  acquired  in  the  nitrogen- 
series,  we  naturally  expect  to  find,  in  addition  to  the  bodies  cor- 
responding to  the  monamines,  and  which  we  designate  as  mono- 
phosphines,  monarsines,  and  monostibines,  a  class  of  compounds 
representing  the  polyamines  of  the  nitrogen-group.  It  may  at  once 
be  stated  that  this  class  has  as  yet  but  very  few  representatives. 
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Again^  we  may  distinguish  primary,  secondary,  and  tertiary 
monophosphines,  monarsines,  etc.  As  yet  chemists  have  suc- 
ceeded only  in  producing  the  compounds  corresponding  to  the 
tertiary  mouamines.  All  attempts  to  produce  analogues  of  the  pri- 
mary and  secondary  monamines  have  hitherto  entirely  failed. 

In  the  following  tables  we  have  united  the  principal  terms  of 
the  several  groups  to  which  we  have  alluded  : 

Phosphorus  Series. 

Type  Ammonia. 

Tertiary  Monophosphines. 

Trimethyl-phosphine  Cg  Hg  P  =  C^W^  V  P 

0,113) 

Triethyl-phosphine  C12H15P  =  C4II5  V  P 

C4H5) 

Type  Water. 

Hydrated  oxide  of — 

Tetramethyl-phospho-      Cg  H13PO2  =  [(C2H3)4P]|  q 
nium  H.  \      ^ 

Trimethyl-ethyl-phos-      C10H15PO2  =  [(C2H3)3{C,  H^  )P]|  ^^ 
phonium  ^  ) 

Trimethyl-amyl-phos-      C16H21PO2  =  [(C2H3)3(CioHii)P]|  q^ 
phonium  H  ) 


Tetrethyl-phospho-  C.^l^^^PO^  =  [(C4H5)4P]|  q^ 

nium  H ) 

riethyl-vin 
phonium 


Triethyl-vinyl-phos-         CJ6H19PO2  =  [(C4H5)3(C4H3)P]>  ^^ 


Arsenic  Series. 

Type  Ammonia. 

Tertiary  Monarsines. 


Triethyl-ajsine  CijHijAs  =  C^HjV  As 
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Type  AVater. 
Hydrated  oxide  of — 
Tetramethyl-arsonium  Cg  Hj3As02=  [(C2H3)4AsJ|^  q 


H    > 


Tetrethyl-arsonuim        CigH2iAs02  =  [(C4H5)4As]|  q 

H  j      "^ 


Dimethyl-diethyl-arso-  Ci2Hi7As02=  [(C2H3)2(C4H5)2 


mum 


As])       Q 


Dimethyl-diamyl-arso-  C24H29As02=[(C2H3)2(CioHii)2As]|  q 

H  I     ^ 


mum 


Antimony  Series. 

Type  Ammonia. 
Tertiary  Monostibines. 


^0^3 


Trimetliyl-stibine  Cg  H9Sb  =  C2H3  V  Sb 


Triethyl-stibine  Ci2Hi5Sb  =  C4H5^  Sb 

Type  Water. 


C4H5. 


Hydrated  oxide  of — 

Tetramethyl-stibonium  C8Hi3Sb02  =    t(^2H3)4^b]|  ^^ 

Tetrethyl-stibonium  Ci6H2iSb02  =  [^(^4115)48^]  |  O2 

Tetramyl-stibonium  C4oH45Sb02  =    ^^^  o^u)^^'\\  q^ 


Formation  of  the  Phosphorus-,  Arsenic-,  and  Antimony -Bases. 

These  bodies  have  not  yet  been  obtained  by  direct  substitution 
from  tbe  hydrides  of  phosphorus,  arsenic,  and  antimony.  The 
methods  hitherto  employed  for  their  production  essentially  consist 
in  submitting   a   metallic   compound  of  phosphorus,  arsenic,  or 
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antimony  to  the  action  of  the  iodides^  bromides,  and  chlorides  of 
the  alcohol-radicals ;  or,  vice  versd,  in  treating  the  metallic  com- 
pounds of  the  alcohol-radicals,  with  the  iodides,  bromides,  and 
chlorides  of  phosphorus,  arsenic,  and  antimony. 

The  following  equations  illustrate  the  reactions  first  men- 
tioned. It  deserves  to  be  noticed  that  these  processes  generally 
yield  only  a  very  uncertain  result ;  other  compounds  are  always 
simultaneously  produced. 

Ca3P(?)    +   3C2H3CI  =  3CaCl   +    (C2H3)3P 

Chloride  of  methyl.  Trimethyl-phosphine. 

NagAs   +   SC^Hgl   =  3NaI   +    {C^Yi^)^k^ 
Iodide  of  ethyl.  Triethyl-arsine. 

Na3Sb   +  3C4H5I  =  3NaI   +    (C4H5)3Sb 

Iodide  of  ethyl.  Triethyl-stibine. 

The  second  reaction  furnishes  the  substances  in  greater  abun- 
dance and  of  remarkable  purity. 

SCoHaZn      +   PCI3  =    3ZnCl   +    (02113)3? 


Zinc-methyl.  Trimethyl-phosphine. 

3C^H5Zn      +   AsClg  =   SZnCl  +    (C4H5)3As 

Zinc-ethyl.  Triethyl-arsine. 

SC^HgZn  +    SbCl3  =  3ZnCl   +    (C^H5)3Sb 


Zinc-ethyl.  Triethyl-stibine. 

In  order  to  convert  the  bodies  corresponding  to  the  type  am- 
monia into  compounds  corresponding  to  the  type  water,  the 
former  are  simply  treated  with  the  bromides  or  iodides  of  the 
radicals  to  be  added.  Exactly  as  with  the  nitrogen-bases  a 
powerful  reaction  ensues,  even  at  the  common  temperature,  and  the 
bromides  and  iodides  of  the  newly-formed  phosphonium,  arsonium, 
or  stibonium  are  genei'ally  precipitated  in  the  crystalline  state. 
Prom  these  compounds  the  hydrated  oxides  are  separated  by  the 
action  of  oxide  of  silver. 
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{C,n,),V     +     C.HJ     =     [(C,H,),P]I 


Triethyl-  Iodide  of  Iodide  of  tetretliyl- 

phospliine.  ethyl.  piiosphonium. 

[(C,H5),P]I  +  Ago  +   HO  =    Agl  +    [(C,H3),P])  ^ 

H         )      ^ 

Iodide  of  tetrethyl-  Hydrated  oxide  of 

phosplionium.  tetrethyl-pliosplioiiium. 

In  the  arsenic-series,  the  compounds  in  question  have  been  also 
produced  by  the  action  of  the  iodides  of  the  alcohol-radicals  on 
cacodyl. 

2((C,H3)2As  )    +    2C2H3I  =    [(C2H3),As]I  +   (C,H3),AsI 

Cacodyl,  Iodide  of         Iodide  of  tetramethyl-        Iodide  of 

methyl.  arsonium.  cacodyl. 

2((C2H3)2As)+  2C,ll,l=  l{C^K,UC,Il,)^A^-]l  +  (C2H3)2AsI 

Cacodyl.  Iodide  of  Iodide  of  dimethyl-diethyl-         Iodide  of 

ethyl.  arsonium.  cacodyl. 


Metalphosphonium-compounds. 

The  phosphorus-,  arsenic-,  and  antimony-bases  form  a  series  of 
platinum-compounds  remarkable  for  the  facility  and  beauty  with 
which  they  crystallize,  and  presenting  great  analogy  with  the 
platammouium-salts ;  as  yet  only  the  chlorides  are  examined.  On 
treating  an  alcoholic  solution  of  triethyl-phosphine,  triethyl-arsine, 
or  triethyl-stibine,  with  dichloride  of  platinum,  the  solutions  are 
decolorised  and  the  new  chlorides  separate  in  crystals. 

The  following  have  been  examined  : — 

Chloride  of — 

Platotriethyl-phosphonium  [Pt  iC^Vi^^]  CI 

Platotriethyl-arsonium  [Pt  (04115)3  As]  01 

Platotriethyl-stibonium  [Pt(C4H5)3Sb]  01 

Trichloride  of  gold  produces  a  series  of  similar  gold-compounds, 
which  are  easily  obtained  in  beautiful  colourless  crystals. 
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Chlorides  of — 

Aurotriethyl-phosphouium  [Au(C4H5)3P]  CI 

Aurotriethyl-arsonium  [Au(C^H5)3As]  CI 

Aurotriethyl-stibonium  [Au(C^H5)3Sb]  CI 

Both   the  platinum-  and  gold- compounds  are   generated  with 
simultaneous  formation  of  the  dichlorides  of  the  bases. 

3((CA)3P)     +     2PtCl2    =     2([Pt(C,H5)3P]Cl) 


{i(^A)sP) 


+  AUCI3  =    [Au(C4H,)3P]Cl   +    (C,H,)3PCl 


Diphosphonium-compounds. 


E-ecent  researches  have  proved  that  the  chlorides,  bromides 
and  iodides  of  diatomic  molecules  are  capable  of  combining  with 
2  equivalents  of  the  monophosphines,  giving  rise  to  a  new  class  of 
phosphorus-bases,  analogous  to  the  diammonium-compounds.  The 
only  member  of  this  class,  as  yet  examined,  is  a  product  of  the 
action  of  dibromide  of  ethylene  on  triethylphosphine.  In  this 
reaction  a  variety  of  substances  are  formed,  but  under  certain 
conditions,  the  principal  product  is  the  bromide  of  ethylene- 
hexethyl-diphosphonium. 

[(CA)"(C,H3)eP,]"Br, 

Treated  with  oxide  of  silver,  this  body  furnishes  a  powerfully 
alkaline  liquid,  which  contains  the  oxide  of  the  series. 


[(C,H,y'(C,H, 


Phosphamines. 

By  the  union  of  the  monamines  and  raonaphosphines  of  opposite 
chemical  character,  a  peculiar  class  of  ureas  has  been  produced, 
containing  both  nitrogen  and  phosphorus,  which  may  be  designated 
by  the  above  name.     The  most  remarkable  term  of  this  class  is  a 
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well-defined  compound,  formed  by  the  action  of  sulphocyanide  of 
phenyl  upon  triethylphosphine  ;  it  contains — 

C^eH^oNPS,     =     (C,S,)"(C,H,)3(C,,H,)}NP 

and  may  be  viewed  as  urea,  in  which  the  oxygen  is  replaced  by 
sulphur,  the  hydrogen  by  3  equivs.  of  ethyl  and  1  equiv.  of 
phenyl,  whilst  phosphorus  is  substituted  for  half  the  quantity  of 
nitrogen.  This  compound  is  a  well-characterized  base,  forming 
definite  crystalline  salts  of  the  formula — 

C^eH^oNPS^HX 

Even  with  the  iodides  of  methyl  and  ethyl,  the  new  urea 
readily  combines,  producing  with  the  former,  for  instance,  the 
compound 

C26H2oNPS„C2H3l. 

In  constitution  this  substance  resembles  the  bodies  which,  in 
the  nitrogen-series,  have  been  designated  as  diamine-ammonium 
compounds. 

[(C,H3)  ((C,S,)"{C,H,)3(C,  A)NP)]  I. 
{To  he  concluded  in  our  next.) 
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MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


November  4,  1858, 
Dr.  H.  Bence  Jones,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  Dr.  Stenhouse  on  Charcoal/'  from  the  Author. 

"Proceedings  of  the  Royal  Society  of  Edinburgh,"  from  the 
Society. 

"  Papers  read  at  the  Botanical  Society  of  Edinburgh,"  by 
Dr.  Laws  on,  from  the  Author. 

"On  the  Estimation  of  the  Precious  Metals,"  by  J.  Mitchell, 
from  the  Author. 

"  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadel- 
phia," from  the  Academy. 

"  Notices  of  the  Proceedings  of  the  Royal  Institution,  with  List 
of  Members,"  from  the  Institution. 

"  Transactions  of  the  Royal  Scottish  Society  of  Arts,"  from  the 
Society. 

"The  Annual  Report  of  the  Royal  Cornwall  Polytechnic 
Society,"  from  the  Society. 

"  The  Pharmaceutical  Journal,"  from  the  Editor. 

"  The  Journal  of  the  Society  of  Arts,"  from  the  Society. 

"  The  Journal  of  the  Franklin  Institute,"  from  the  Institute. 

"  Report  of  the  Committee  appointed  to  consider  the  propriety 
of  establishing  a  degree  in  Science,"  from  the  University  of 
London. 

Mr.  James  Mason  was  elected  a  Fellow  of  the  Society. 

Dr.  Hofmann  gave  an  account  of  some  new  Ureas  that  he  had 
recently  produced. 
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November  18,  1858. 

Dr.  G.  D.  Longstaff  in  the  Chair. 

The  following  donations  were  announced : — 

"Bulletin  de  la  Classe  Physico-Mathematique  de  PAcademie 
Imperiale  des  Sciences  de  Saint  Petersbourg ;  "  "  Comptes  Rendus 
of  do./'  from  the  Academy. 

"  Quarterly  Journal  of  the  Geological  Society,"  from  the 
Society. 

"  Journal  of  the  Society  of  Arts,"  from  the  Society. 

It  was  resolved  that  the  names  of  the  following  Fellows,  whose 
subscriptions  have  fallen  into  arrear,  be  removed  from  the  List  of 
Fellows  of  the  Chemical  Society:—?.  JE.  Coffey,  R.  D.  Kay, 
W.  Crowder,  J.  C.  Shearman,  M.  L.  Phillips,  T.  Richard- 
son. 

The  following  papers  were  read  : — 

"  On  the  analysis  of  the  Water  of  a  Spring  at  Billingborough  in 
Lincolnshire,"  by  Mr.  Kynaston, 

"On  Bibromacetic  Acid,"  by  Messrs.  Perkin  and  Duppa. 

Dr.  Hofmann,  on  the  part  of  Professor  Fritzsche,  exhibited 
some  compounds  of  picric  acid  with  benzine,  naphthaline,  and 
other  hydrocarbons. 


December  2,  1858. 
Dr.  G.  D.  Longstaff  in  the  Chair. 
The  following  papers  were  read  : — 

"Analysis  of  the  Water  of  Holywell,  North  Wales,"  by 
Mr.  James  Barratt. 

"On  the  relations  of  the  atomic  weights  of  Elements,"  by 
Mr.  Mercer. 

"On  the  detection  of  Alum  in  Bread,"  by  Mr.  John  Horsley. 
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Dr.  Hofmann  described  a  new  double  salt  of  iodide  and  nitrate 
of  silver,  obtained  by  heating  recently  precipitated  iodide  of  silver 
in  a  solution  of  nitrate  of  silver  in  nitric  acid. 


December  16,  1858. 
Dr.  Frankland,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  Journal  of  the  Royal  Dublin  Society,  Vol.  I,"  from  the 
Society. 

"  Journal  of  the  Franklin  Institute,"  from  the  Institute. 
"  Journal  of  the  Photographic  Society/'  from  the  Society. 
"  Journal  of  the  Society  of  Arts,"  from  the  Society. 
"Pharmaceutical  Journal,"  from  the  Editor. 

Alfred  Hill,  M.D,,  Sydenham  College,  Birmingham,  was 
elected  a  Fellow  of  the  Society. 

Mr.  E.  A.  Sansom,  27,  Carey  Street,  was  elected  an  Associate 
of  the  Society. 

The  following  papers  were  read : — 

"  On  some  minerals  containing  Arsenic  and  Sulphur,  from  Chili," 
by  Mr.  F.  Field. 

"  On  the  presence  of  Ammonia  in  Ice,  and  on  the  action  of  Ice- 
water  upon  .Lead,"  by  Dr.  Medlock. 
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Acetamide. — Formation  of  acetamide  from  acetate  of  ammonia:  by 

D}\  KMndig.  Ann.  Ch.  Pharm.  cv.  277  ;  J.  pr.  Chem.  Ixxiv.  128. 
Acetal. — Conversion    of    aldehyde    into    acetal :    by  A.    WuHz   and 

A.  Frapolli.    Compt.  rend,  xlvii.  418 ;  Ann.  Ch.  Pharm.  cviii. 

223. 
Acetates. — On  acetate  of  alumina:    by  Ch.   Tissier.     Compt.  rend. 

xlvii.  931. 

Researches  on  the  acetates  of  iron :  hjA.  S.  Kestner.    Compt.  rend. 

xlvii.  927. 

Preparation  of  basic  acetate   of  lead ;  by  F.  jRocldeder.     J.  pr. 

Chem.  Ixxiv.  28;  J.  Pharm.  [3]  xxxiv.  240;  Pharm.  J.  Trans. 

xviii.  169. 

On  monoacetate  of  p;lycol:  by  E  Atkinson.  Phil.  Mag.  [4]  xvi.  433. 

Ace  ten  amine. — Observations    on    the   composition  of    formenamiue, 

formylene,  acetenamine,  acetylene,  and  several  analogous  bases: 

by  S.  Chez.     Compt.   rend.  xlvi.  344 ;  J.  pr.  Chem.  Ixxiv.  84. 
Acetones.^ — Note  on  the  constitution  of  the  acetones:  by  C.  Friedel. 

Compt.  rend.  xlv.  1013  ;  xlvii.  973 ;    Chem.  Gaz.  1858,  64. 
On   the   formation  of  mixed   acetones :    by  G.  Friedel.      Compt. 

rend,    xlvii.  552  ;  Ann.  Ch.  Pharm.  cviii,  122. 

On  oenanthacetone :  by  v.  TJslar  and  Seekamp.     Ann.  Ch.  Pharm. 

cviii.  179. 
Products  of  the  oxidation   of  acetones :  by   C.  Friedel.     Compt. 

rend,  xlvii.  92. 
Acetyl. — Action  of  chloride  of  acetyl  on  aldehyde  :  by  M.  Simpson. 

Compt.  rend,  xlvii.  874. 
Action    of  chloride  of  acetyl  on  salicylous  acid :    by  E.  Sehiller. 

J.  pr.  Chem.  Ixxii.  259. 
Action  of  chloride  of  acetyl  on  tartaric   acid :  by  F.  Hochleder. 

J.  pr.  Chem.  Ixxiv.  26  ;  Repert.  Chim.  1858,  69. 
Acichlorides.  —  See  Chlorides. 

Acid,  Acetic. — Occurrence  of  acetic  acid  among  the  products  of  distil- 
lation   of  American  fir-resin:    by    Chr.    Grimm.      Ann.   Ch. 

Pharm.  cvii.  255. 
Preservation  of  acetic   acid.     Eepert.  Chim.  app,  i.  51. 
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Acid,  Acetic. — On  the  action  of  bromine  on  acetic  acid:  by  W.  H. 

Ferkin  and  F.  Duppa.     Chem.  Soc.  Qu.  J.  xi.  22 ;  Ann.  Ch. 

Pharm.  cv.  51;  cviii.  106. 
Compounds  of  glycerine  with  acetic  acid :  bv  M.  Bertlielot  and 

S.  de  Luca.     Ann   Ch.  Phys.    [3]  lii.   433 ;    J.    Pharm.    [3] 

xxxiv.  19. 
Formation  of  glycolic  acid  from  acetic  acid :  by  A.  KeJcuU.     Ann. 

Ch.  Pharm.  cv.  28G  ;  Ann.  Ch.  Phys.  [3]  liii.  495. 
On  the  combination  of  aldehyde  with  anhydrous  acetic  acid :  by 

A.  Oentlier.     Ann.  Ch.  Pharm.  cvi.  249  ;  J.  Pharm.  [3]  xxxiv. 

78  ;    Chem.  Gaz.  1858,  305. 
Transformation  of  acetic  acid  into  methylic  alcohol :  by  0.  Friedel. 

Compt.  reed.  xlvi.  1164;    Ann.  Ch.  Pharm.  xcvii.  174. 
Acid,  Achillteic. — On  achillgeic  acid  :  by  H.  Hlasia-etz.    J.  pr.  Chem. 

Ixxii.  429  ;  J.  Pharm.  [3]  xxxiv.  456. 
Acid,  Amidonitrophenylie. — Prelitniuary   notice     on  the    action   of 

nitrous  acid  upon  amidonitro-  and   aminonitrophenylic  acid : 

by  P.  Griess.     Ann.  Ch.  Pharm.  cvi.  123. 
Acid,   Anchoic. — Identity  of  auclioic  acid  with   lepargyllic  acid :  by 

G.  B.  BiicUon.    'Chem.  Gaz.  1858,  301. 
Acid,  Anilotic. — See  Acid  Nitrosalicylic. 
Acid,   Anisic. — On  anisic  acid :    by  A.  Engelliardt.      Petersb.   Bull. 

Phys.-math.  xvi.  289  ;  Ann.  Ch.  Pharm.  cviii.  240. 
Acid,  Boracic. — On  some  little  known  reactions  of  boracic  acid  and 

the  borates:  by  Gh.  Tissier.     J.  Pharm.  [3]  xxxiv.  8,  93. 
Keaction  of  boracic  acid  with  tartaric  acid  :  by  H.  Rose.     Berl. 

Akad.  Ber.   1857,  p.  573;  Pharm.  J.  Trans,  xvii.  561  ;  J.  pr. 

Chem.  Ixxiii.  166;  Chem.  Gaz.   1858,  190;  Pogg.   Ann.  cii. 

545. 
On  the  gaseous  emanations  which  accompany  the  boracic  acid  in 

the    lagoons    of  Tuscany :    by   G.   8ie.-Claire  Beville.      Phil. 

Mag.  [4]  xvi.  284. 
Acid,  Butylactic. — On  butylactic  acid  :  by  ^.  Wurtz.     Compt.  rend. 

xivi.  1232;  Ann.  Ch.  Pharm.  cvii."  197. 
xicid,    Butyroacetic.  —  On     butyroacetic    acid:      by     J.     JSficMi's. 

J.  Pharm.  [3]  xxxiii.  351. 
Acid,    Campliolic— On  campholic    acid:  by   L.    Barth.     Ann.    Ch. 

Pharm.  cvii.  249. 
Acid,  Caproic. — On  caproic  acid:  bv  A.    Wurtz.     Ann.   Ch.  Pharm. 

cv.  295;  Ann.  Ch.  Phys.  [3]  li.  358. 
Acid,  Carbonic— On  the  elasticity  of  carbonic  acid  gas:  by  W.  J.  M. 

Bmihine.     Phil.  Mag.  [4]  "xvi.  303. 
Preparation  of  propionic  acid  by  the  action  of  carbonic  acid  on  an 

ethvl-compound  :  by  J.  A.  WanMyn.     Chem.  Soc.  Qu.  J.  xi. 

103;  Ann.  Ch.  Pharm.  cvii.  125  ;  Ann.  Ch.  Phys.  [3]  liii.  42; 

Eepert.  Chira.  1858,  33. 
Acid,  Carbonic. — Use  of  carbonic  acid  as  an  anaesthetic:  hj  M.  Ozanam. 

Compt.  rend.  xlvi.  417  ;  also  by  J.  G.  He^-pin,  ibid.  581. 
On  the  use  of  carbonic  acid  as  a  medicinal  agent :  by  M.  Fordos. 

Pharm.  J.  Trans,  xviii.  183. 
On  the  behaviour  of  the  carbonates  of  lime  and  baryta  in  presence 

of  various  saline  solutions  ;  with  remarks  on  the  deterniination 
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of  carbonic  acid  in   mineral  waters :  hj  F.  H.  Storrer.     Sill. 

Am.  J.  [2]  XXV.  41. 
Acid,  Carminic.^Outhe  compositionofcarminic  acid  and  of  some  of  its 

derivatives  :  by  P.  Sclmtzenherger.  Ann.  Ch.  Pliys.  [3]  liv.  522. 
Acid,  Caryophyllic. — See  Acid  Eugeiiic. 
Acid,  Citric. — Oxidation  of  citric   acid  by  permanganate   of  potash  : 

by  L.  Pean  de  St.  Oilles.      Compt.  rend,  xlvii.  554 ;  Eepert. 

Chim.  app.  i.  69. 
Acid,  Chlorous. — See  Chlorine. 
Acid,  Cyanic. — See  Cyanogen. 
Acid,  Eugenic. — On   the  composition   of    eugenic   acid:  by    C.    G. 

Williams.      Chem.   Gaz.    1858,    170;    Eepert.    Chim.    1858, 

70;  Ann.  Ch.  Phys.  [3]  liv.  433. 
On     some    derivatives    of    eugenic    or    caryophyllic    acid :    by 

A.  Cahours.     Compt.  rend.  xlvi.  220;  Ann.    Ch.  Pharm.  cv. 

263  ;  Pharm.  J.  Trans,  xvii.  622. 
Acid,  Gallic- — On    some    derivatives    of   gallic    acid:  by    Nachhaur. 

Chem.    Centr.  No.  47,    p.  740 ;  Sill.  Am.  J.  [2]  xxv.  101 ; 

J.  pr.  Chem.  Ixxii.  431. 
Acid,  Glyceric. — On  the   history  of   glyceric   acid:  by   H.   Debus. 

Ann.  Ch.  Pharm.  cvi.  392. 
Acid,  Glycolic. — Formation    of  glycolic   acid   from   acetic   acid:  by 

A.  Kekide.     Ann.   Ch.   Pharm.  cv.  286;  Ann.  Ch.  Phys.  [3] 

liii.  495  ;  Chem.  Gaz.  1858,  261. 
Acid,    Hippuric. —  On     some    compounds    of     hippuric     acid:    by 

E.  Jucq^iiemin  and  Schlagde7ihauffen.     Compt.  rend.  xlv.  1011 ; 

Chem.  Gaz.  1858,  51. 
Permation  of  hippui-ic  acid  in  the  human  organism:  A.  Weissen- 

lach.     J.  pr.  Chem.  Ixxiv.  106.     J.  Pharm.  [3]  xxxiv.  238. 
Contributions  to  the  history  of  hippuric  acid  :  by  MM.  Jacqiievmi 

and  Selling denliaiiffen.     Compt.   rend.   xlvi.   1011 ;  J.   Pharm. 

[3]  xxxiii.  259. 
On    the   origin   of  hippuric   acid   in   the    urine   of  herbivorous 

animals  :  bv  W.  Sallimchs.    Ann.  Ch.  Pharm.  cv.  207  ;  Chem. 

Gaz.  1S58,'207. 
Acid,  Hydr iodic. — See  Iodine. 
Acid,  Hydrobromic. — Compoundsof  glycerin  with  hydrobromic  acid: 

by  M.  Berthelot  and  *S.  de  Luca.     Ann  Ch.  Phys.  [3]  lii.  433 ; 

J.  Pharm.  [3]  xxxiv.  19. 
Acid,  Hydrochloric. — Compounds  of  glycerin  with  hydrochloric  acid: 

by  M.  Berthelot  and  S.  de  Luca.     Ann.  Ch.  Phys.  [3]  lii.  433; 

J.  Pharm.  [3]  xxxiv.  19. 
Acid,  Hydrosulphuric. — See  Sulphur. 
Acid,  Hypochloric. — New  method  of  preparing  hypochloric  acid  or 

peroxide  of  chlorine  :  by  F.  G.  Calvert  and  E.  Davies.     Chem. 

Soc.  Qu.  J.  xi.  193. 
Acid,  Hyponitric— Onthe  formation  of  nitric  and  hyponitric  acids 

in  the  decomposition  of  atmospheric  air  by  means  of  induc- 
tion-electricity :  by  B.  Bottger.     J.  pr.  Chem.  Ixxiii.  494. 
Acid,  Hyposulphuric. — On  the  constitution  of  hyposulphuric  acid: 

by  C.  J.  Koene.     Pogg.  Ann.  ciii.  171. 
Acid,  Lactic. — Eesearches  on   lactic   acid:   by   A.    Wurtz.     Compt. 
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rend.  slvi.  1228;  Ann.    Ch.   Pharm.  cvii.   192;  Cbem.   Gaz, 

1858,  441. 
Acid,  Lactic. — Conversion  of  sarcolactic  into  ordinary  lactic  acid    by 

A.  StrecTcer.      Ann.   Ch.  Pharm.  cv.  313;  Ann.  Ch.  Phys.  [3] 

liv.  102;   J.  pr.Chem.  Ixxiv.  126;   Chem.  Gaz.  1858,  330. 
Acid,  Laurie. — On  the   preparation  of  laurostearin    and   lauric  acid 

from    Oleum    lauri    ungidnosiim  :    by  P.    Bolley.     Ann.  Ch, 

Pharm.  cvi.  229  ;  Chem.  Gaz.  1858,  368. 
Acid,  Malic. — On  an  acid  obtained  by  the  oxidation  of  malic  acid: 

by  V.  Dessaignes.      Compt.  rend,  xlvii.  76;  Chem.  Gaz.  1858, 

341;  Eepert.  Chim.  1858,36. 
Acid,    Margaric. — On     some    new   ethers    of     margaric    acid:     by 

M.   Hanliart.      Compt.  rend,  xlvii.  230;    Chem.   Gaz.   1858, 

383  ;  Eepert.  Chim.  1858,  63. 
Acid,  Nitric. — On  the  formation  of  nitric  and  hyponitric  acids  in  the 

decomposition  of    atmospheric    air    by   means    of  induction- 
electricity:  by  R.  Bottfjer.     J.  pr.  Chem.  Ixxiii.  494. 
On    the    presence  of   ammonia    and    nitric  acid  in  the    sap   of 

plants  :  by  W.  K.  Sullivan.     Atlantis.  1858,  p.  413. 
Action    of  nitric   acid   in    the    cold  on  some  metallic    solutions, 

with  new  modes  of  obtaining   pure  compounds    of    barium, 

strontium,   and  cadmium :  by  H.   M'urtz.     SHI.    Am.    J.    [2] 
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On  the  testing  of  nitric  acid  and  nitrate  of  soda  for  iodine :    by 

Prof.  Stein.     Chem.  Gaz.  1858,  452. 
Acid,  jSTitrosalicylic. — Identity  of  nitrosalicylic  and  anilotic  acids :  by 
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viz..  by  the  action  of  carbonic  acid  on  an  ethyl-compound  :  by 
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On  the  fej'iueutation  of  tartaric  acid  :  by  L.  Pasteur.     Comj^t. 
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Acids. — On  the   acids  of  diabetic  urine:  by  A.  Mingcr.     Anu.    Ch. 

Pharm.  cvi.  18. 
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Acidiraetry. — New  method  of  graduating  the  standard  solutions  for 
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Alcohol,  Methylic. — Transformation    of  acetic    acid    into    methylic 

alcohol:    by   C.  Fnedel.     Compt.  rend.  xlvi.  1164 ;  Ann.  Ch. 

Pharm.  cvii.  174 ;  Chem.  Gaz.  1858,  445, 
Alcohols. — On  polyatomic  alcohols:    by  31.  Bcrthelot.       Ann.    Ch. 

Phys.  [3]  lii.  428 ;  J.  Pharm.  [3]  xxxiii.  347. 
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Eepert.  Chim.  i.  Q>S. 
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J.  Trans,  xviii.  168. 
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rend,  xlvii.  874. 

Conversion  of  aldehyde  into  acetal :  by  A.  Wurtz  and  Frapolli. 
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On  the  constitution  of  aldehyde  and  of  chloride  of  ethylene  :  by 

A.Geuther.     Ann,   Ch.   Pharm.  cv.  321;  Ann.  Ch.Phys.  [3] 
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Chem.  Gaz.  1858,  305. 
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die  ges.  Naturwissensch.  x.  369. 
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230. 
Alizarin. — Preparation  of  alizarin:  hy  JE.  Kop p.     Eepert.  Chim.  app. 
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1858,  410. 

On  acetate  of  alumina:  by  Ch.  Tissier.     Compt  rend,  xlvii.  931. 

— —  On  the  use  of  hydrate  of  alumina  in  the  analysis  of  vegetable 
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On  the  equivalent  of  aluminium  :   by  C.  Tessier.     Compt.  rend. 

xlvi.  1105  ;  Chem.  Gaz.  1858,  385. 

On   a   crystalline   compound  of  chromium  and  aluminium  :    by 
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On  the  compounds  of  chloride  of  aluminium  with  the  chlorides  of 
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Proc.  Eoy.  Soc.   ix.  150,   229,  274,   277,  284;  Chem.  Gaz. 
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Am.  J.  [2]  XXV.  248. 
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On    some   mercury-compounds   of  tetramethyl-  and  tetramylam- 

mouium  :  by  IL.  liisse.     Ann.  Ch.  Pharm.  cvii.  223. 
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Analysis,*  Organic. — On  the  use  of  gas  as  fuel  inorganic  analysis: 
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by   W.  Ileintz.     Pogg.  Ann.  ciii.  142. 
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Ann.  Ch.  Phys.  [3]  liv.  206 ;  Chem.  Gaz.  1858,  373. 


334  TITLES    OF    CHEMICAL    PAPERS 
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Distinction  and  separation  of  arsenic  from  antimony  and  tin  :  by 
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Pharm.  cvii.  6  ;  Repert.  Cliim.  1858,  16. 
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B. 

Ball-soda. — See  Soda. 
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and  jE/.  Jacquemin.     Compt.   rend.   xlvi.    1206;    Chem.    Graz. 

1858,  446 ;  Eepert.  Chim.  app.  i,  69. 
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On  subcarbouate  of  bismuth.     Pharm.  J.  Trans,  xvii.  625. 

On   the    behaviour   of    subnitrate   of    bismuth   to    an    aqueous 

solution  of  nitrate  of  ammonia  :  by  J.  Lowe.     J.   pr.   Chem. 

Ixsiv.  341. 
On  the  quantitative  separation  of  mercury,  lead,  bismuth,  copper 

and  cadmium:  by  J.  Lowe.     J.  pr.  Chem.  Ixxiv.  349. 
Quantitative    estimation  of  oxide  of  bismuth,  and  its    separation 

from   the  oxides  of  lead,  copper  and  cadmium:  by   J.  Lowe. 

J.  pr.  Chem.  Ixxiv.  344,  348. 
Black  Ash. — See  Soda. 
Blood. — Absorption  of  gases  by  the  blood:  by  M.  Fermet.     Compt. 

rend.  xlvi.  620. 

Determination,  by  means  of  oxide  of  carbon,  of  the  quantities  of 

oxygen  contained  in  the  venous  blood  of  glandular  organs  in 
action  and  in  repose:  by  CI.  Bernard.  Compt.  rend,  xlvii. 
393 ;  J.  Pharm.  [3]  xxxiv.  309 ;  Eepert.  Chim.  i.  80. 

On  the  blood,  considered  in  the  liquid  state,  during  coagulation 

and  after  coagulation  :  by  P.  S.  Denis.  Compt.  rend,  xlvii. 
996. 

On  the  blood  of  Crustacea  and  mollusca :  by  B.   Witting,  Junr. 

J.  pr.  Chem.  Ixxiii.  121. 

On  the  colour  of  the  blood :  by  M.  Braclet.     Compt.  rend.  xlvi. 

373. 

On  the  colours  of  the  blood  and  their  place  in  the  chromatic 

scale :  by  2L.  Ghevreul.     Compt.  rend,  xlvii.  253. 

On  the  function  of  the   principal  elements  of  the   blood   in  the 

absorption  or  disengagement  of  the  gases  of  respiration  :  by 
M.  Frenef.  Compt.  rend.  xlvi.  674. — Eeport  thereupon  by 
M.  Balard.     Ibid,  xlvii.  200. 

On  the  gases  of  the  blood :  by  L.  Meyer.     Ann.  Ch.  Phys.  [3]  liii. 

235. 

On  the  variations  of  colour  in  the  venous  blood  of  glandular  organs 

according  to  their  state  of  activity  or  repose :  by  CI.  Ber- 
nard.    Compt.  rend.  xlvi.  159;  J.  Pharm.  [3]  xxxiii.  306. 

Boron. — On  boron:  by  jP.  Wohler  and  H.  Ste.-Claire  Beville.  Ann. 
Ch.  Phys.  [3]  lii.  63. 

New  observations   on   boron  and   some   of  its   compounds  :    by 

H.  Ste.-Claire  Beville  and  F.  Wohler.  Ann.  Ch.  Pharm.  cv. 
67;  J.  pr.  Chem.  Ixxii.  284. 

Action    of  nitric   oxide   on   boron.     Ann.   Ch.  Pharm.   cv.  259  ; 

Pharm.  J.  Trans,  xvii.  623;  Chem.  Oaz.  1858,  203. 
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33oron. — Action  of  nitrogen  and  its  oxides  on  boron:  by  F.  TFoAZerand 
H.  Ste.-Claire  Deville.  Compt.  rend.  xlvi.  185;  J.  pr.  Chem. 
Ixxiii.  255. — Remarks  by  M.  Despretz.  Compt.  rend.  xlvi. 
189. 

On   the   gaseous   emanations   accompanying   boracic  acid  in  the 

Lagoni   of  Tuscany:   by   C  Sle. -Claire  Deville  and  Lehlanc. 

Compt.  rend,  xlvii.  317;  Eepert.  Chim.  app.  i.  66. 
Brain. — On   the  chemical  constituents   of  the  brain:  by  W.  Milller. 

Ann.  Ch.  Pharm.  cv.  361 ;  J.  pr.  Chem.  Ixxiv.  103. 
Brass. — On  the  alteration  of  the  brass  sheathing  of  ships  at  sea:  by 

M.  Bohierre.     Compt.   rend,  xlvii.  357  ;  Eepert.  Chim.  app. 

i.  23. 
On  the  presence  of  arsenic  in  commercial  brass :    by  A.   Loir. 

Compt.  rend,  xlvii.  126. 
Bread. — Aerated  bread.     Pharm.  J.  Trans,  xvii.  390. 
. On  hautle,  the  animal  farina  of  the  Mexicans  :  by  M.   Ouerin- 

Meneville.     J.  Pharm.  [3]  xxxiii.  357  ;  Pharm.  J.  Trans,  xviii. 

196. 
On  the  chemistry  of  bread-making :    by    W.   Odling.     Pharm  J, 

Trans,  xvii.  561. 

Researches  on  wheat,  wheat-flour,  and  the  making  of  bread:  by 

31.  3Iege-Mouries.     Compt.  rend.  xlvi.  126. 
Brine-springs. — On  the  brine-springs  of  Cheshire  :  by  A.  B.  NortJi- 

cote.     Pharm.  J.  Trans,  xvii.  475. 
Bromides. — Action  of  bibromide  of  ethylene  on  aniline:  by  ^.   W. 

Hofmann.     Proc.  Roy.  Soc.  ix.  277  ;  Ann.   Ch.  Phys.  [3]  liv. 

206;  Chem.  Gaz.  1858,  373. 

Action  of  bibromide   of  ethylene  on  trimethylamine :  by  A.   W. 

Hofmann.  Proc.  Roy.  Soc.  ix.  293;  Chem.  Gaz.  1858,  373; 
Chem.  Gaz.  1858,  431. 

Action  of  bibromide  of  ethylene  on  triethylphosphine :   by  A.  W. 

Hofmann.     Proc.  Roy.  Soc.  ix.  287. 

Action   of  iodide   and    bromide    of    potassium    on    the    higher 

oxides  of  mangenese :  by  W.  Hempel.  Ann.  Ch.  Pharm.  cvii. 
100. 

Compounds  of  bromide  of  mercury  with  the  alkaloids  :  by  T.  B. 

Groves.  Chem  Soc.  Qu.  J.  xi.  97 ;  Repert.  Chim.  i  .  39 : 
Pharm.  J.  Trans,  xviii.  181,  292. — Remarks  bv  J.  JD.  Perrins, 
ibid.  241. 

On    a    compound  isomeric  with    bromide    of    bromopropylene : 

by  A.  Perrot.  Compt.  rend,  xlvii.  350  ;  Repert.  Chim. 
1858,  61. 

On  bromide  of  aluminium  :  by  B.  Weber.     Pogg.  Ann.  ciii.  264 ; 

Chem.  Gaz.  1858,  269. 

On   the   composition    of    bromide  of  tellurium  and   potassium  : 

by   C.   V.   Hauer.       J.   pr.    Chem.   Ixxiii.   98  ;    Chem.    Gaz. 

1858,  81. 
Bromine. — On  the  action  of  bromine  on  acetic  acid  :  by  W.  H.  PerJcin 

and  F.  Duppa.     Chem.  Soc.  Qu.  J.  xi.  22  ;  Ann.  Ch.  Pharm. 

cv.  51 ;  cviii.  106. 
Action   of  bromine   on   fulminating   mercury  :    by   A.    KeTcuU. 

Chem.  Gaz.  1858,  232. 
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Bromine. — Action  of  bromine  on  iodide  of  aldeliydene  :  by  3£.  Simp- 
son.    Corapt.  rend.  xlvi.  467. 
New  analytical  method  for  the  detection  of  iodine  and  bromine. — 

IMethod  of  searching  for  these  elements  in  mineral  waters. — 

Their   presence   in   Vichy  water  :    by   O.    Henri/,    Jim.  and 

JE.  Humhert.     J.  Pharm.  [3]  xxxii.  401. 
Bromo  propyl  ammonium. — See  Propyl. 
Brucine  — On  the  chromates  of  strychnine  and  brucine.     J.  pr.  Chem. 

Ixxii.  314. 
Buckwheat. — On  a  yellow  colouring  matter  obtained  from  the  leaves 

of  buckwheat,   {Polygonum  fagopyruni)   :     by    -E".    ScJiunck. 

Chem.  Gaz.  1858,  18, 
Bullet. — Chemical  examinations   connected  with  a  bullet  which  had 

been  embedded  for   forty   years  in  the  lung  of  a  man :    by 

H.  llurtz.     Sill.  Am.  J.  [2]  xxvi.  192. 
Burette. — Burette  of  J/.  Herve  Margon.  Repert.  Chim.  app.  i.  68,98. 
Biity rates. — On  the  products  of  the  dry  distillation  of  butyrate  of 

lime :  by  H.  Limpricht.     Ann.  Ch.  Pharm.  cviii.  183. 


C. 

Cadmium. — On   the   equivalents   ot    cadmium   and    manganese  :    by 
C.  V.  Hauer.     J.  pr.  Cliem.  Ixxii."  338. 

Preparation  of  pure   cadmium  compounds  :  by  H.    Wurtz.     Sill. 

Am.  J.  [2]  xxvi.  189. 

On  some  cadmium-compounds  :    by   Hugo    ScMff.       Ann.    Ch. 

Pharm.   civ.  325;  J.  pr.  Chem.  Ixxiii.  363;  Chem.  Graz.  1858, 
251. 

On  the  composition  of  sulphate   of  cadmium  :    by  C.  v.  Hauer 

J.  pr.  Chem.  Ixxii.  372. 

On  the  separation  of    copper  and  cadmium  from  zinc  by   sul- 

phuretted hydrogen:  by  it.  Grundmann.     J.  pr.  Chem.  Ixxiii. 
241. 

On  the   qualitative  separation  of  mercury,  lead,  bismuth,  copper 

and  cadmium  :  by  J.  Lowe.     J.  pr.  Chem.  Ixxiv.  349. 
Separation   of    bismuth  from    copper,   lead,    and   cadmium  :    by 

J.  Lowe.     J.  pr.  Chem.  Ixxiv.  346. 
Cail-cedra. — On    the    ca'il-cedra  bark  of  Senegal:  by    E.  Caventon. 

J.  Pharm.  [3]  xxxiii.   123;  also  by  L.  Soubeiran.     Ibid,  xxxiv. 

134. 
Calcium. — On  the  preparation  of  calcium:  hj  Lies-Podart.     Compt. 

rend,  xlvii.  23;  Chem.  Gaz.  1858,  329;  Repert.  Chim.  i.  15; 

Ann.  Ch.  Pharm.  cviii.  20  ;  Ann.  Ch.  Phys.  [3]  liv.  363. 

Report  on  a  chemical  process,  by  3131.  Lies-Podart  and  Jobin, 

for  the  extraction  of  calcium  :  by  M.  Pumas.     Compt.  rend, 
xlvii.  575  ;  Ann.  Ch.  Pharm.  cviii.  20;  Ann.  Ch.  Phys.  [3]  liv. 
363. 
VOL.  xr.  2  A 


340  TITLES    OF    CHEMICAL    TArERS 

Calcium.- — Action  of  sulphuric  acid  on  calcium-compounds:  hy  Lies- 

Bodart  and -E.  Jacqiiemin.     Compt.  rend.  xlvi.    1206;  Chem. 

Gaz.  185S,  446;  Kepert.  Chim.  app.  i.  69. 
Calomel. — Preparation  of  calomel  in  the  wet  way,      J.  pr.  Chem. 

Ixxiii.  316. 
Camphors. — On  the  camphoric   series:    by  M.    Berthelot.      Compt. 

rend,  xlvii.  266 ;  Repert.  Chim.  i.  64. 
Capillarity. — On  capillarity  :    W.  Wertheim.     Pogg.  Ann.  cii.  595. 

On  capillarity  and  its  relation  to  latent  heat :  by  J.    Waterston. 

Phil.  Mag.  [4]  xv.  i. 

On  the  capillary  elevation  of  water  between  parallel  plates :  by 

E.  Dessams.     Pogg.  Ann.  cii.  601. 

On  the  constants  of  capillarity  for   mercury :    by  O.  QuincJce. 

Pogg.  Ann.  cv.  1. 

Influence  of  temperature  on  capillary  phenomena :  by  C.  Wolff 

(conclusion).     Pogg.  Ann.  cii.  571. 

Theory  of  capillarity  :  by  Gilbert.     Pogg.  Ann.  605. 

Capryl. — On  the  so-called  caprylic  aldehyde  and  caprylic  alcohol:  by 
G.  Stddeler.     J.  pr.  Chem.  lxxii.*241 ;  Chem  "Oaz.  1858,  130. 

On  caprylic   alcohol   and    the   so-called    caprylic   aldehyde :    by 

G.  Dachauer.  Ann.  Cli.  Pharm.  cvi.  269  ;  Pharm.  J.  Trans, 
xviii.  170. 

Caramel. — Action  of  heat  on  neutral  organic  substances  ;  examination 
of  caramel  and  torrefied  products :  by  A.  Gelis.  Ann.  Ch. 
Phys.  [3]  lii.  352.  _ 

Carbon. — On  the  constitution  and  metamorphoses  of  cliemical  com- 
pounds, and  on  the  chemical  nature  of  carbon  :  by  A.  Kekule. 
Ann.  Ch.  Pharm.  cvi.  129;  Eepert.  Chim.  i.  20. 

On  a  new  state  of  carbon :  by  M.  Mere.     Compt.   rend,  xlvii. 

657. 

Action  of  bichloride  of  carbon  on  aniline :  by  A.  W.  Hofmann. 

Proc.  Eoy.  Soc.  ix.  284  ;  Compt.  rend,  xlvii.  492 ;  Ann.  Ch. 
Phys.  [3]  liv.  214 ;  Chem.  Gaz.  1858,  378. 

Action     of    bisvdphide    of     carbon    on    triethylphosphine  :     by 

A.  W.  Hofmann.  Proc.  Eoy.  Soc.  ix.  290 ;  Chem.  Gaz.  1858, 
398. 

On  the  conjugated  hydrates  of  carbon  :  by  F.  JRocMeder.J.  pr. 

Chem.  Ixxii.  385. 

Researches   on   bisulphide    of  carbon :    by  M.  SchJagdenhmrff'en. 

J.  Pharm.  [3]  xxxiv.  175. 

On   the   assimilation  of  carbon   by   the   leaves    of    plants  :    by 

B.  Corenivinder.  Compt.  rend,  xlvii.  483;  Eepert.  Chim.  i. 
79;  Eepert.  Chim.  app.  i.36;  Ann.  Ch.  Phys.  [3]  liv.  321. 

Carbonates. — On  a  new  method  of  obtaining  carbonate  of  potash  from 
felspar  and  similar  minerals  :  bv  F.  Meyer.  Dingler's 
Polytechn.  J.  cxliii.  274  ;  Chem.  Gaz.  1858,  37. 

On  the    behaviour  of  the   carbonates   of   lime    and  baryta   in 

presence  of  various  saline  solutions  :  with  remarks  on  the 
determination  of  carbonic  acid  in  mineral  waters :  by  F.  H. 
Starrer.     Sill.  Am.  J.  [2]  xxv.  41. 

On  the  carbonates  of  alumina,  chromic  oxide  and  ferric  oxide  :  by 

W.  Wallace.     Chem.  Gaz.  1858,  416. 
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Carbonic  Oxide. — Action  of  aqueous  vapour  and  carbonic  oxide  on 
certain  sulphates  :  by  E.  Jacquemin.  Conipt.  rend.  xlvi. 
1164 ;  Chem.  Gaz.  1858,  406. 

Carburetted  Hydrogen. — On  a  simple  method  of  rendering 
hydrogen  and  carburetted  hydrogen  gases  inodorous  :  by 
J.  Stenliouse.     Ann.  Ch.  Pharm.  cvi.  125. 

Catalysis. — On  the  reciprocal  catalysis  of  a  series  of  oxides,  peroxides, 
and  oxygen-acids,  and  the  opposite  chemical  states  of  the 
active  oxygen  contained  in  them :  by  C.  F.  Schdnbein.  Ann. 
Ch.  Pharm.  cviii.  157. 

Cellular  Tissue. — On  the  pathological,  physiological  and  chemical 
effects  of  the  injection  of  air,  oxygen,  carbonic  acid  and 
hydrogen  into  the  cellular  tissue  and  the  peritoneum :  by 
IIM.  Leconte  and  Demarquay .     Compt.  rend.  xlvi.  632. 

Cerium. — Preparation  of  pure  cerium  compounds:  by  B.  Btmsen. 
Ann.  Ch.  Pharm.  cv.  40;  Ann.  Ch.  Phys.  [3]  lii.  498  ;  Chem. 
G-az.  1858,  181. 

Oxides  of  cerium  :    bv  R.  Bunsen.      Ann.  Ch.  Pharm.  cv.  45 ; 

Ann.  Ch.  Phys.  [3]  lii.  498;  J.  pr.  Chem.  Ixxiii.  200;  Chem. 
Gaz.  1858,  224. 

Chemical  Combination. — Use  of  the  voltaic  battery  in  measuring 
the  quantities  of  heat  developed  in  chemical  combination  :  by 
MM.  Marie-Davy  and  L.  Troost.   Ann.  Ch.  Phys.  [3]  liii.  423. 

Chemical  Compounds. — On  the  constitution  and  metamorphosis  of 
chemical  compounds ;  and  on  the  chemical  nature  of  carbon  : 
by  A.  Kekule.  Ann.  Ch.  Pharm.  cvi.  129;  Eepert.  Chim. 
1858,  20. 

Chemical  Manufactories. — On  the  influence  exerted  by  manufac- 
tories of  chemical  products  on  vegetation  and  on  public 
health  :  by  M.  Bussy.     J.  Pharm.  [2]  xxxiii.  175. 

Chemical  Theory. — On  a  new  chemical  theory:  bv  A.  S.  Couper. 
Phil.  Mag.  [4]  xvi.  104;  Ann.  Ch.  Phys!  [3]  liii.4G9;  Compt. 
rend.  xlvi.  1157 ;  Remarks  by  A.  Kekule  ;  ibid,  xlvii. 
378. 

Chili  saltpetre. — See  Nitrates. 

Chloral. — Preliminary  notice  on  some  compounds  of  chloral,  and  on 
the  formation  of  chloralide  :  by  G.  Stddeler.  Ann.  Ch.  Pharm. 
cvi.  253 ;  Chem.  Gaz.  1858,  405. 

Chloralide. — On  chloralide:  by  A.  Kekule.  Ann.  Ch.  Pharm.  cv. 
293. 

Chlorates. — Use  of  chlorate  of  potash  for  the  estimation  of  sulphur. 
Ajin.  Ch.  Pharm.  cvii.  128. 

Chlorides. — On  the  behaviour  of  certain  organic  chlorides  and  nitro- 
compounds with  hydrogen  evolved  by  the  action  of  zinc  on  a 
dilute  acid :  by  A.  Geutlier.  Ann.  Ch.  Pharm.  cvii.  212 ; 
Report.  Chim.  1858,61. 

Investigation  of  the  action  of  nitric  acid  on  metallic  chlorides  :  bv 

H.  \l^urtz.     Sill.  Am.  J.  [2]  xxv.  371. 

On  the  compounds  of  nitriles  with   chlorides  :    by    W.  Jlenlce. 

Ann.  Ch.  Pharm.  cvi.  280. 

On   chloride  of  aluminium:  by  -B.  Weler.     Pogg.  Ann.  ciii.  26 i  ; 

Chem.  Gaz.  1858,  269. 
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Chlorides. — On  the  compounds  of  chloride  of  aluminium  with  the  chlo- 
rides of  sulphur,  selenium  and  tellurium  :  by  ^.  Weher.  Pogg. 
Ann.  civ.  421;  Chem.  Gaz.  1848,444;  Eepert.  Chim.  1848,  57. 

Action  of  bichloride  of  carbon  on  aniline :  by  A.  W.  Hofinann. 

Proc.  Eo> .  Soc.  ix.  284  ;  Compt.  rend,  xlvii.  402  ;  Ann.  Ch. 
Phys.  [3]"liv.  214;  Chem.  Gaz.  1858,  378. 

On  chloride  of  ethylene  ;  by  A.  Wurtz.     Compt.  rend.  xlv.  228  ; 

Chem.  Soc.  Qu.  J.  xi.  96. 

On  the  reduction  of  bichloride  of  iridium  to  lower  chlorides  :  by 

C.  Clans.     Ann.  Ch.  Pharm.  cvii.  129. 

Some  reactions  of  pentachloride  of  phosphorus :  by  Hugo  Schiff. 

Ann.  Ch.  Pharm.  cvi.  116  ;  J.  pr.  Chem.  Ixxiv.  71. 

Action   of  pentachloride  of  phosphorus   on   certain   amides :  by 

W.  Ilcmke.  Ann.  Cli.  Pharm.  cvi.  272 :  also  by  C.  Gerliardt. 
Ibid,  cviii.  214. 

Action  of  perchloride  of  phosphorus  on  chloride  of  benzoyl :  by 

L.  ScliisclihoffKvA  A.  Rosing.  Compt.  rend.  xlvi.  367;  J.  pr. 
Chem.  Ixxiv.  81. 

Action   of  perchloride  of  phosphorus    on    oil  of  winter- green  : 

by  O.  Drion.     Compt.  rend.  xlvi.  1238  ;  Chem.  Gaz.  1858,  448, 

On  the  chlorides  of  sulphur:  by  Z.    Carius.     Ann.   Ch.   Pharm. 

cvi.  291  ;  Ann.  Ch.  Phys.  [3]  liv.  233  ;  Eepert.  Chim. 
1858,  11. 

■ Action  of  chloride  of  sulphur  on  oils  :  by  Z.  Boussin.     Compt. 

rend,  xlvii.  877;  also  by  M.Perra  ;  ibid.  878;  Eepert.  Chim. 
app.  i.  94  ;  also  by  J.  NicMes.     Compt.  rend,  xlvii.  972. 

Formation  of  sal-ammoniac  by  volcanic  action  :  by  A.  Ranieri. 

Ann.  Ch.  Pharm.  civ.  338. 

■ Sal-amraoniac  in  pumice-stone :  by  P.  Bolley.     Ann.  Ch.  Pharm. 

cvi.  221. 

On  a  new  mode  of  formation  of  the  acichlorides  (oxychlorides)  of 

chromium,  molybdenum,  and  tungsten,  and  on  the  so-called 

chromate  of  chloride  of  potassium:  by  A.  Genther.     Ann.  Ch. 

Pharm.  cvi.  239. 
Chloride  of  Lime. — See  HypocMorites. 
Chlorine. — Action  of  chlorine  on  alcohol  vapour  :  by -4.  Liehen.     Ann. 

Ch.  Phys.  [3]  lii.  313. 

Action  of  chlorine  on  certain  volatile  oils  :  by  R.  Bottger.     J.  pr. 

Chem.  Ixxiii.  498. 

On   the   action  of  chlorine   in   sunshine   on  the  hydrochlorates 

of  certain  organic  bases :  by  A.  Geiitlier  and  G.  Hofacker. 
Ann.  Ch.  Pharm.  cviii.  51. 

On  the  action  of  an  alcoholic  solution  of  potash  on  various  chlo- 
rinated compounds  :  by  M.  Berthelot.  Ann.  Ch.  Phys.  [3] 
liv.  87. 

Determination  by  the  voltaic  pile,  of  the  units  of  heat  developed 

in  the  combination  of  chlorine  with  metals  :  by  MM.  Marie- 
Davy  and  Troost.     Compt.  rend.  xlvi.  936. 

New  metliod  of  preparing  hypochloric  acid  or  peroxide  of  chlorine : 

by  F.  C.  Calvert  and  E.  Davies.     Chem.  Soc.  Qu.  J.  xi.  193. 

■ On    tlie     products    of   the    action  of    chlorine    on    paraffin :    by 
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of  amylaceous  substances  :  by  E.  Hunt.     Eepert.  Chim.  app. 
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Experiments  on  the  voltaic  pile  :    by  MM.  SchlagdenJiauffen  and 

Freyss.     Ann.  Ch.  Phys.  [3]  liii.  209. 
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immersion:  by  M.  Berjot.     Compt.  rend,  xlvii.  273. 
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On   the    constitution    of    the    stibethyl  compounds,    and   of    the 

slannethyl  radicals:    by  A.  Strecker.      Ann.  Ch.  Pharm.  cv. 
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E.  Monier.     Compt.  rend.  slvi.  425. 
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by  L.  Pasteur.  Compt.  rend.  xlvi.  857  ;  J.  pr.  Chem.  Ixxiii.  506. 
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Fluorine. — Researches  on  the  difi"usion  of  fluorine:  by  J.  NicMes. 
Ann.  Ch.  Phys.  [3]  liii.  433  ;  Report.  Chim.i.  55;  J.  Pharm. 
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Gas. — On  the  uae  of  gas  as  fuel  in   organic  analysis:   hj  A.  W.IIof- 

mann.     Chem.  Soc.  Qu.  J.  xi.  30;  Ann.  Ch.  Pharm.  cvii.  37  ; 
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son  and    W.  J.    Russell.      Proc.   Eoy.  Soc.  ix.  218  ;  Compt. 

rend.    xlvi.  786;  Chem.  Gaz.  1858,  256. 
On  the  absorption  of  gases  by  saline  solutions  and  by  the  blood  : 

by   M.  Fermet.     Compt.  rend.  xlvi.  620. 
On  the  relations  between  the  specific  heat,  density,  and  composition 

of  gases  :  by  Htogo  Schiff.     Ann.  Ch.   Pharm.  civ.  335. 

Analysis  of  gases  from  coke-furnaces.     Ann.  Min.  [5]  xii.  693. 

■ Analysis  of  gas  from  the  water  of  an  artesian  v^^ell  at  Naples :  by 

G.  Ste.-Claire  Deville.     Compt.  rend.  xlvi.  980. 
On  the  calorific  and  expansive  properties  of  gases  :  by  M.  Beecli. 

Compt,  reiid.  xlvi.  84,  336, 
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■Gases. — On  the  cliemical  composition  of  the  gases  ejected  from  the 

volcanic  vents  of  Southern  Italy :    by    C    Ste.-Claire  Deville 

and  F.  Lellanc.     Ann.  Ch.  Pliys.  [3]  Hi.  5. 
— —  On  the   gaseous   emanations  accompanying  boracic  acid  in   the 

Lagoni  of  Tuscany:  by  C.  Ste.-Claire  Deville.      Compt.  rend. 

xlvii.  317 ;  Repert.   Chim.  app.  i.    66 ;    Phil.  Mag.  [4]  xvi. 

284. 
■ On  the  gases  of  the  blood  :  by  L.  Meyer.     Ann.  Ch.  Phvs.  [3]  liii. 

235. 
On  a  gas-injecting  apparatus:    by   M.  Fordos.     J.  Pharm.  [3] 

xxxiii.  330. 
On   the  pathological,  physiological,  and   chemical   eifects  of  the 

injection  of  air,  oxygen,  carbonic  acid,  and  hydrogen  into  the 

cellular  tissue   and  the   peritoneum :  by  MM.   Leconte  and 

Demarquav.     Compt.  rend.    xlvi.  632 ;  J.  Pharm.  [3]  xxxiii. 

466. 
Experiments  on  certain    metals    and   gases  :    by    C.   Despretz. 

Compt.  rend,  xlvii.  746. 
G  a  u  It  h  e  r  i  a. — See  Oils  volatile. 
Gelatin. — Preparation  of  gelatin  from  leather  ;  Repert.  Chim.  app.  i. 

43. 
:Gems. — Examination  of  a  gem  supposed  to  be  a  diamond:  by  M.  Hai- 

dinger.     Compt.  rend,  xlvii.  286. 
Geology,  Chemical. — Experimental  researches  on   the   striation    of 

rocks  due  to  erratic  phenomena,  on  the  formation  of  pebbles, 

sand,  and  mud,  and  on  chemical  decompositions  produced  by 

mechanical   agency  :    by   A.  Daubree.     Ann.    Min.    [5]    xii. 

555. 
On  the  chemistry  of  the  primeval  earth  :  by  T.  Sterry  Hunt.    Sill. 

Am.  J.  [2]  XXV.  102. 
Ghaidjir. — On  Ghaidjir  and    Tebinguel-Sakesey  :  by   M.   Bourlier. 

J.  Pharm.  [3]  xxxiii.  184. 
Gypsum. — Analysis  of  gypsum-rocks  in  Algeria.     Ann.  Min.  [5]  xii. 

677. 
Glass. — On  ha?matinone  and  aventurin  glass.     J.  pr.  Chem.  Ixxii.  50. 
Use  of  soluble  glass  to  diminish  the  combustibility  of  wood :  by 

MM.  Abel   and  Hay.     Dingl.   Polyt.  J.  cxlix.   194;  Eepert. 

Chim.  app,  i.  63. 
Gluco sides. — Action  of  saliva  on  glucosides  :  by  G.  Stddeler.     J.  pr. 

Chem.  Ixxii.  250  ;  Pharm.  J.  Trans,  xvii.  559. 
Glucose.— On  the  existence  of  glucose  in  the  animal  economy:  by 

MM.  Poiseuille  and  J.  Lefort.     Compt.  rend.  xlvi.  565,  677 ; 

J.  pr.  Chem.  Ixxiii.  467. 
Indigo  as  a  test  for  glucose  :  by  M.  Mulder.     J.  Pharm.  [3]  xxxiv. 

453. 
Gly  cerates. — On  the  action  of  caustic  potash  on  glycerate  of  potash  : 

by  H.  Debus.     Phil.  Mag.  [4]  xvi.  438. 
Gly  cer ides. — On  the  formation  of  alcohols,  acids,  and  glycerides  from 

sugar:   By  C.  Boedeker.      Ann.  Ch.  Pharm.  cvi.  172  ;  Pharm. 

J.  Trans,  xviii.  168. 
•Glvcerin. — Constant    production  of  glycerin  in  alcoholic    fermenta- 
tion :    by   L.    Pasteur.     Compt.   rend.   xlvi.  857 ;  Ann.   Ch. 
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Pharm.  xlv.   338;  J.  pr.  Cliem,  xxxiii.  506;  Repert.  Chim.  i. 

43. 
Glycerin. — On  the  compounds  of  glycerin  with  hydrochloric,  hydro- 

bromic,  and  acetic  acid  :  by  M.  Berthelot   and    ^S^.   de  Luca. 

Ann.  Ch.  Pliys.  [3]  lii.  433';  J.  Pharm.  [3]  xxxiv.  19. 
On  tlie  action  of  nitric   acid   on  glycerin :  by  H.  Debus.     Phil. 

Mag.  [4]  XV.  196. 
On  some    products  of  the    oxidation  of  glycerin :  by  IT.  Debus. 

Ann.  Cli.  Pharm.  cvi.  79  ;  J.  Pliarm.  [3]  xxxiii.  476. 
On  the  oxidation  of  glycerin  by  nitric  acid  :  by  iV.  Socolof.    Ann. 

Ch.  Pharm.   cvi.  95  ;  Ann.  Ch.  Phys.  [3]  liv.  95  ;    J.  Pharm. 

[3]  xxxiv.  476;  Petersb.  Bull.  Phys.  math.  xvi.  369. 
Suggestions  regarding  economical   applications   of  glycerin  :    by 

H.  Mnrfz.     Sill.  Am.  J.  [2]  xxvi.  195. 
Glycogene. — See  Sugar. 
On  the  glycogenous  matter  of  the  liver  :  by  A.  Kekule,     Chem. 

Gaz.  1858,  293. 
Glycol. —On  the  glycolic  ethers:    by  ^.  Wurtz.     Compt.  rend,  xlvii. 

346  ;  Repert.  Chim.  i.  65. 
On    monoacetate  of  glycol,  and  on  the  preparation  of  glycol :  by 

E.  Atkinson.     Phil.  Mag.  [4]  xvi.  433. 
Glycols.  — On  ainylic  glycol :  by  ^.  Wurtz.      Compt.  rend.  xlvi.  244; 

Ann.  Ch.   Pharm.   cvi.  18;  J.  pr.   Chem.  Ixxiii.  257 ;  Chem. 

Gaz.  i.  129. 

On  propylic  glycol :  by  A.  Wurtz.     Ann.  Ch.  Pharm.  cv.  202. 

Glycometry. — See  Sugar. 

Glyoxal. — Action  of  ammonia  on  glvoxal  :  by  H.  Debus.     Phil.  Trans. 

1858,205;  Proc.  Koy.Soc.''ix.  297;    Ann.   Ch.  Pharm.  cvii. 

199  ;    Chem.  Gaz.  1858,  352  ;  llepert.  Chim.  i.  74. 
Gold. — Examination  of  auriferous  and  platiniferous   sand:    by  MM. 

Damour  and  Descloizeaux.     Ann.  Ch.  Phys.  [3]  Iv.  445. 
On  the  extraction  of  gold  in  the  valley  of  Tipuani  (Bolivia)  :  by 

M.  Camynet.     Ann.  Min.  [5]  xiii.  155. 
On  the  relation  of  gold  and  other  metals  to  light :  by  M.  Faraday. 

Phil.  Trans.  1857,  p.  145  ;  Ann.  Ch.  Phys.  [3]  liii.  60. 
Guaiac-resin. — On  beech-tar  creosote  and  the  products   of  the  dis- 
tillation of  guaiac  resin  :  by  H.  Hlasiivetz.     Ann.  Ch.  Pharm. 

cvi.  339. 
Guanine. — Conversion  of  guanine  into   xanthine  :    by   A.    StrecTcer. 

Ann.  Ch.  Pharm.  cviii.  129. 
Guano. — On  the  guano  of  the  islands  of  the  Caribbean  Sea.     J.  pr. 

Chem.  Ixxiv.  147. 
Gum. — On  the  gum  produced  during  lactic  fermentation  :  by  M.  Brun- 

ning.     J.  pr.  Cliem.  Ixxiii.  183  ;  J.  Pharm.  [3]  xxxiv.  79. 
Gunpowder. — Analysis  of  gunpowder  by  means  of  permangaoate  of 

potash  :  by  S.    Cloez  and   E.    Guignet.     Compt.  rend.   xlvi. 

1110;  Repert.  Chim.  app.  i.  29. 
Chemical  theory  of  gunpowder  :  by  R.  Bunsen  and  L.  SchiscJikof. 

Pogg.  Ann.  cii.  321 ;    Phil.  Mag.  [4]  xv.  489 ;  J.  Pr.  Inst.  [3] 

XXXV.  395. 
Guttapercha. — On  the  gutta  percha  of  Surinam:  hy  M.  Decaisne. 

J.  Pharm.  [3]  xxxii.  437. 
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Harm  on ica  (chemical). — On  tlie  cause  of  the  sound  in  the  chemical 

harmonica  :  by  A.  Schrotter.     Ann.  Ch.  Phys.  [3]  liii.  24<0. 
Haematinone. — On  hsematinoue   and  aveuturin  glass  :     J.  pr.  Chem. 

Ixxii.  50. 
Heat. — On  the  production  of  heat  by  chemical  affinity  and  on  the 

mechanical  equivalents  of  various  bodies  :  by   Ch.  Lahoulaye. 

Corapt.  rend,  xlvii.  824. 
Influence  of  high  temperatures  on  the  molecular  state  of  certain 

bodies  :  by  A.  F.  Nogues.     Compt.  rend,  xlvii.  832. 

On  the  mechanical  equivalent  of  heat :  by  M.  Fstocquois.  Compt. 

rend.  xlvi.  461. 
On  the  mechanical  equivalent  of  heat :  by  P.  A.  Favre.     Compt. 

rend.  xlvi.  337  ;  Phil.  Mag.[4]  xv.   406. 
■ On  the  experiments  for  determining  the  mechanical  equivalent  of 

heat  :  by  iV.  LahovJaye.     Compt.  rend.  xlvi.  773. 

On  a  theorem   on  the  mechanical  theory  of  heat,  and  on  certain 

applications  of  it  :  by  G.  Kirclihoff.     Pogg.  Ann.  ciii.  177. 

On   the  kind  of  motion  which  we  call  heat  and  electricity  :  by 

Bnijs-Ballot.     Pogg.  Ann.  ciii.  240. 

On    the    thermal   eftect    of  drawing    out    a    film    of  liquid :  by 

W.  Thomson.     Proc.  E.oy.  Soc.  ix.  255. 

On  some  thermodynamic   properties  of  solids  :  by  J.    P.    Joule. 

Proc.  lioy.  Soc.  ix.  254. 

Helations  between  heat,  magnetism  and  torsion  :  by  G.  Wiede- 
mann.   Pogg.  Ann.  ciii.  563  ;  Ann.  Ch.  Phys.  [3]  liii.  379. 

Determination,  by  the  voltaic  pile,  of  the  units  of  heat  developed 

in  the  combination  of  chlorine  with  metals  :  by  MM.  Marie- 
Bavxj  and  Troost.     Compt.  rend.  xlvi.  936. 

Determination  by  the  voltaic  pile  of  the  quantities  of  molecular 

work,  expressed  in  heat-units  produced  by  the  combination  of 
acids  with  bases  :  by  MM.  Marie-Davy  and  Troost.  Compt. 
rend.  xlvi.  748. 

Use  of  the  voltaic  battery  in  measuring  the  quantities  of  heat 

developed  by  chemical  combination  :  bv  MM.  Marie- Davy. 
and  L.  Troost.     Ann.  Ch.  Phys.  [3]  liii.  423. 

On  the  relative   power  of  metals  and   their   alloys   to   conduct 

heat :  by  F.  C.  Calvert  and  R.  Johnson.  Proc.  Roy.  Soc.  ix. 
169;  Compt.  rend,  xlvii.  1069. 

On    the    heat-conducting    power    of    various    substances :     by 

W.  Hopkins.     Phil.  Trans.  1858,  805. 

On  the  expansion  of  wood  by  heat:  by  J.  P.  Joule.     Proc.  Roy. 

Soc  ix.  3. 

On  the  calorific  and  expansive  properties  of  gases  :  by  M.  Reech. 

Compt.  rend.  xlvi.     84,  336. 

On  the  expansibility  of  liquids  at  temperatures  above  their  boiling 

points  :  by  C.  Drion.  Compt.  rend.  xlvi.  1235 ;  Pogg.  Ann. 
cv.  158. 
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Heat. — Expansion   of  crystals  by  heat:  by  F.  Ffqfjf.     Fogg.  Ann.  civ. 

171. 
On   the  decomposition    of   chemical   compounds    by   heat :    by 

H.  Ste. -Claire  Deville.     Ann.  Ch.  Pharm.  cv.  383. 

Action    of  heat   on   neutral   organic  substances  :    by   A.    Gelis. 

Ann.  Ch.  Phys.  [3]  Hi.  352;  Ann.  Ch.  Pharm.  cv.  383; 
J.  Pharm.  [3]  xxxii.  424  ;  xxxiii.  405. — Eeport  by  M.  Pelouze. 
Compt.  rend.  xlv.  988. 

On  the  influence  of  temperature  on  the  refraction  of  light :  by 

J.  H.  Gladstone  and  T.  P.  Dale.     Proc.  Eoy.  Soc.  ix.  328. 

On  the  temperature  of  springs.     Pogg.  Ann.  civ.  640. 

On  tlie  measurement  of  temperatures  below  the  surface  of  the 

soil  and  in  the  air  by  means  of  thermo-electric  apparatus  :  by 

M.  Becquerel.     Compt.  rend.  xlvi.  1183. 
On  the  use  of  thermo-electric  ciu'rents  for  measuring  temperature : 

bv    M.    JBouton.       Compt.    rend,    xlvii.    74. — Eemarks    by 

M.  Becquerel.     Ibid.  173. 

On  the  therruo-multiplier  :  hyM.de  la  Prevostaye.     Compt.  rend. 

xlvi.  768. 
Helianthus. — New  observations  on  the  development   of   helianthus 
manured  with  nitre  :  by  M.  Boussingault.     Compt.  rend,  xlvii. 
807. 
Henbane.  —Influence  of  liquor  potassa^  and  other  fixed  caustic  alkalies 
on  henbane,  belladonna  and  stramonium :  by  A.  B.   Garrod. 
Pharm.  J.  Trans,  xvii.  462  ;  xviii.  174. 
Heteromerism. — On  heteromerism  and   heteromeric    minerals:   by 
B.  Hermann.     J.  pr.  Chem.  Ixxiv.  256. 

Honey. On  the  honey  of  the  Eastern   Pyrenees:  by  L.  Soubeiran. 

J.  Pharm.  [3]  xxxiv.  262. 

Jjops. Process  for  distinguishing  sulphured  hops  from  those  which 

have  not  been  sulphured  :  by  B.  Wagner.     Arch.  Pharm.  xcii. 
301 ;  Chem.  Gaz.  1858,  180. 
Horn.— Artificial  horn:  by  J/.  Sorel.     J.  Pharm.  [3]  xxxiii.  287. 
Horse-chestnut. — On  the  existence   of  a  second  crystallizable  sub- 
stance (paviin)  in   the  bark  of  the  horse-chestnut :  by   G.   G. 
Stokes.     Chem.  Soc.  Qu.  J.  xi.  17. 
Hydrocarbons. — Svnthesis     of     hydrocarbons  :     by    M.    Berthelot. 
Compt.  rend.  xlvi.  1102,  1161;  Chem.   Gaz."  1858,  401,  427; 
Ann.  Ch.  Phys.  [3]  liii.  69;  Eepert.  Chim.  i.  24;  J.  Pharm. 
[3]  xxxiv.  241,321  ;  Ann.  Ch.  Pharm.  cviii.  188. 

Compounds  of  hydrocarbons  with  jncric  acid :  by   J.   Fritzsche. 

Compt.  rend,  xlvii.  723  ;  J.  pr.  Chem.  Ixxiii.  282  ;  J.  Pharm. 
[3]  xxxiv.  158. 

Preliminary  notice  of  a  peculiar  hydrocarbon  from  -wood-tar :  by 

R.    Fehling.     Ann.   Ch.   Pharm.  cvi.  387;  Pharm.  J.  Trans, 
xviii.  229. 
Hvdrof  en. — On  the  replacement  of  hydrogen  by  the  radicals  of  tlie 
''fatty  acids:  by  F.  Bochleder.     J.  pr.  Chem.  Ixxii.  389. 

On  the  behaviour  of  certain  organic  chlorides  and  nitro-compounds 

with  hydrogen  evolved  by  the  action  of  zinc  on  dilute  acids  : 
by  A.  'Geuther.  Ann.  Ch.  Pharm.  cvii.  212  :  Eepert.  Cliim. 
1858,  61. 
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Hydrogen. — On  a  simple  method  of  rendering  hydrogen  and  carbu- 
retted  hydrogen  gases  inodorous:  by  J.  Stenhouse.  Ann.  Ch. 
Pharm.  cvi.  125 

Direct  combination   of    sulphur    with   nascent     hydrogen :    by 

S.  Chez.     Conpt  rend,  xlvii.  819. 
Hydrophane. — Prediction  of  artificial  hydrophane  :  hj  M.  Langlois. 

Ann.  Ch.  Piijs    3]  Hi.  331. 
Hygrococis. — On   Hygrococis   cyclamince :  by   S.   de  Luca.     Compt. 

rend,  xlvii.  328. 
Hyperiodides. — See  Iodides, 
Hypochlorites. — Estimation   of  urea   by    means   of  hypochlorite  of 

soda :  by  M.  Lecomte.     Compt.  rend,  xlvii.  237  ;  Chem.  Gaz. 
.     1858,  432 ;  Repert.  Chim.  i.  47. 

Preparation  of  chloride  of  lime.    Eepert.  Chim.app,  i.  92. 

Hypophosphites. — liemarks  on  the   medicinal  hypophosphites  :  by 

W.  Procter,  Junr.     Pharm.  J.  Trans,  xvii.  521. 

Quantitative  estimation  of  hyposulphites,  &c.:  by  J".  W.  Kynaston. 

Chem.  Soc.  Qu.  J.  xi.  166. 

On  the  use  of  hyposulphites  in  analysis  ;  application  to  the  separa- 

tion of  iron  from   alumina  :    by   G^.   Chancel,     Compt.  rend, 
xlvi.  987. 

Estimation   of  iodine   by   means   of  hyposulphite  of  soda ;    by 

J.  JSicMes.     J.  Pharm.  [3]  xxxiii.  89. 

Use  of  hyposulphites  in   the  preparation  of  mordants  of  alumina, 

chromium,  iron  and  tin  :  hy  E.  Kopp.    Eepert.  Chim.  app.  i.  47. 

Use   of    hyposulphites  for   fixing   metallic    sulphides    in   calico- 

printing  :  by  M.  Sacc.     Ding.  Polyt.  J.  cxlvii.  206  ;  Eepert. 
Chim.  app.  i.  49. 
Hypoxanthine.  • —  Identity    of    sarcine     and     hypoxanthine  :      by 
T.  Scherer.     Ann.  Ch.  Pharm.  cvii.  314. 


•  I. 

Ice. — Ice-making.     Pharm.  J.  Trans,  xviii.  30. 

On  the  density  of  ice  :  by  Jitrui^er.     Pogg.  Ann.  civ,  657. 

On  some  physical  properties  of  ice  :  by  J.  Tyndall.     Proc.  Eoy. 

Soc.  ix.  76  ;  Phil.  Mag.  [4]  xvi.  333 ;  Pogg.  Ann.  ciii.  157. 

On  some  properties  of  ice  near  its  melting  point :  by  Prof.  Forbes. 

Sill.  Am.  J.  [2]  xxvi.  402. 
Eemarks  on  the  interior  melting  of  ice :  by  W.  Thomson.     Proc. 

Eoy.  Soc.  ix.  141. 
On  the  stratification  of  vesicular  ice  by  pressure  :  by  W.  Thomson. 

Proc.  Eoy.  Soc.  ix.  209. 
Illuminating  Materials. — On  two  ethereal  illuminating  materials, 

pinoline  and  oleone  :  by  H.  Void,     Chem.  Gaz.  18->8,  351. 
Indigo. — On  the  decoloration  of  indigo-solution  by  acid  sulphites  :  bj 

C    F.    Sch'onhein.     Pogg.    Ann.    civ.    300;    Eepert.    Chim. 

1858,  79. 

Indigo  as   a   test   for   glucose  :   by  M.  Mulder.     J.  Pharm.  [3] 

xxxiv.  453.  ■ .  ^ 
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Indigo, — On  the  formation   of  iudigo-blue.     Tt.  {11.)  hy  U. ScJmnck. 

Phil.  Mag.  [4]  XV.  29,  117,   183  ;  J.  pr.  Chem.  kxiii.  268  ; 

Ixxiv.  99. 
Inosite. — Contribution  to  the  historv  of  inosite  :  by  S.  Vohl.     Ann. 

Ch.  Pharm.  cv.  330]  J.  pr.  Chem.  Ixxiv.  123;  J.  Pharm.  [3] 

xxxiv.  77  ;  Pharm.  J.  Trans,  xviii.  167. 
lodates. — lodate  of  potash.     Pharm.  J.  Trans,  xviii.  176. 
Iodides. — Action  of  iodide  of  ethyl  on  white  precipitate:  by  i''.  L. 

Sonnenschein.     J.  Pharm.  [3]  xxxiii.  63. 

Action  of  iodide  and  bromide  of  potassium  on  the  higher  oxides  of 

manganese  :  by  C.  W.  Hempel.     Ann.  Ch.  Pharm.  cvii.  100 ; 

Eepert.  Chim.  i.  57. 
On  iodide  of  aluminium  :  by   R.    Weher.     Pogg.  Ann.  ciii.   259  ; 

Chem.  Gaz.  1858,  269. 
Compounds  of  iodide  of  mercury  with  the  alkaloids :  T.  B.  Groves. 

Chem.   Soc.  Qu.  J.  xi.  97;   Eepert.  Chim.  i.  39;  J.  Pharm. 

[3]  xxxiv.  413  ;  Pharm.  J.  Trans,  xviii.  181,  292.— Eemarks 

by  J.  B.  Pei-rins ;  ibid.  24. 

Compounds  of  the  sulphides  of  ethyl  and  methyl  with  mercuric 

iodide :  by  A.  Loir.  Compt.  rend.  xlvi.  1280 ;  Ann.  Ch. 
Pharm.  cvii.  234;  Ann.  Ch.  Pliys.  [3]  liv.  42  ;  J.  Pharm.  [3] 
xxxiv.  87. 

Decomposition  of  cyanide  of  mercury  by  the  iodides  of  methyl, 

ethyl  and  amyl.     Compt.  rend,  xlvii.  740. 

Detection  of  very  small  quantities  of  metallic  iodides :  by  C.   W. 

Hempel.  Ann.  Ch.  Pharm.  cv.  260;  Pharm.  J.  Trans,  xvii. 
623 ;  J.  pr.  Chem.  Ixxiv.  125 ;  Chem.  Gaz.  1858,  220. 

On  iodide  of  methylene  :  by  A.  Buttlerow.     Compt.   rend.  xlvi. 

595  ;  Ann.  Ch.  Pharm.  cvii.  110  ;  Ann.  Ch.  Phys.  [3]  liii.  313; 
Eepert.  Chim.  i.  34. 

Preparation  of  iodide  of  potassium.     J.  Pharm.  [3]  xxxiii.  285. 

On  the  hyperiodides  of  some  tetrammonium  bases  :  by  R.  Miiller. 

Ann.  Ch.  Pharm.  cviii.  1. 
Iodine. — On  the  general  diffusion  of  iodine:  hj  A.  Chatin.     Compt. 

rend.  xlvi.  399 ;  J.  Pharm.  [3]  xxxiii.  271.     * 
^-^  Eesearches  on  atmospheric  iodine :  by  S.  de  Liiea.     J.  Pharm.  [3] 

xxxii.  414  ;  xxxiii.  32  ;  Compt.  rend,  xlvii.  644. 

Presence  of  iodine  in  rain-water:  by  JE.  MarcTiand.     Compt.  rend. 

xlvi.  806  ;  J.  pr.  Chem.  kxiv.  77. 

New    researches    on    the   presence   of  iodine  in   rain-water  :  by 

E.  Marchand.  Compt.  rend.  xlvi.  806  ;  J.  Pharm.  [3]  xxxiii, 
401. — Eemarks  by  M.  Berthelot.  J.  Pharm.  [3]  xxxiv.  65  : 
also  by  M.  Bondet  ;     ibid.  133. 

Detection  of  iodine:  by  W.  Rempel.     Ann.  Ch.  Pharm.  cvii.  102; 

Eepert.  Chim.  i.  57. 

On  the  detection  of  iodine  by  starch :  by  MM.  Henry,  Junr.  and 

Humhert.  Compt.  rend,  xlvii.  298  \  Chem.  Gaz.  1858,  371 ; 
Eepert.  Chim.  i.  58  ;  J.  Pharm.  [3]  xxxiv.  203. 

On   the   testing   of    iodine  by   starch-paste  and  nitrous  acid  in 

presence  of  organic  substances:  by  J.  Lowe.  J.  pr.  Chem. 
Ixxiv.  353. 

• Estimation  of  iodine  by   means   of  hyposulphite   of    soda  :    by 

J.  Nicldis.     J.  Pharm.  [3]  xxxiii.  89. 
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Iodine. — New  analytical  method  for  the  detection  of  iodine  and 
bromine. — Method  of  searching  for  these  elements  in  mineral 
waters. — Their  presence  in  Vichy  water :  by  0.  Henry,  Junr. 
and  E.  Humbert.     J.  Pharm.  [3]  xxxii.  401. 

On  the  reaction  of  ferrocyanide  and   ferricyanide  of  potassium 

with  iodine  and  iodide  of  potassium  :  by  C.  Mohr.     Ann.  Ch. 
Pharm.  cv.  57. 

On  the  reaction  of  sesquicliloride  of  iron  with  hydriodic  acid  : 

by  C.  llohr.     Ann.    Ch.    Pliarm.  cv.  53  ;  Chem.  Gaz.  1858, 
279. 
— —  Testing    for    iodine  :    by    0.   Henry,   Junr.   and    E.    Humbert. 
Compt.  rend.  xlvi.  298  ;  Eepert.  Chitn.  app.  i.  29. 

On  the  testing  of  nitric  acid  and  nitrate  of  soda  for  iodine  :  by 

Prof.  Stein.     Chem.  Gaz.  1858.  452. 
lodosulphates. — On  the  general  characters  of  the  iodosulphatcs  of 

the  cinchona  alkaloids  :  by  W.  B.  Herapath.     Chem.  Soc.  Qu. 

J.  xi.  130 ;  abstr.  Pharm.   J.  Trans,  xvn.  465  ;  Repert.  Chim. 

i.  89. 
Iridium. — On  the  reduction  of  bichloride  of  iridium  to  lower  chlorides: 

by  C.  Claus.     Ann.  Ch.  Pharm.  cvii.  129. 
Irisine. — On  irisine  and  its  cogeners  :  by  L.  v.  Babo.     J.  pr.  Chem. 

Ixxii.  78;  J.  Pharm.  [3]  xxxiii.  77. 
Iron. — On  the  present  state  of  the  iron-manufacture  in  the  metallur- 
gical district  of  Sachedniow  in  Poland,  with  considerations  on 

the  use  of  wood  in  the  puddling  and  refining  furnaces  :  by 

31.  Pernolet.     Ann.  Min.  [5]  xiii.  89. 
• On  the  iron  ores  of  Exmoor  :  by  W.  Smyth.     Phil.  Mag.  [4]  xvi. 

236. 

On  the  analysis  of  haematite  and  magnetic  iron  ores  and  on  the 

separation  of  oxide  of  iron  from    alumina  :    by    W.    Wallace. 
Chem.  Gaz.  1858,  274. 

Analyses  of  arsenical  iron.     Pogg.  Ann.  xcviii.  168  ;  Ann .  Min. 

[5]  xiii.  59. 

Analyses  of  oxide  of  iron  from  Pfitsch  in  the  Tyrol :  by  G.  G. 

Winkler.     Ann.  Min.  [5]  xiii.  60. 

Analyses  of  titauiferous  iron.     Ann.  Min.  [5]  xiii.  60,  61. 

On  the  composition  of  titauiferous  iron,  and  of  the  rhombohedral 

and  octohedral  oxides  of  iron  in  general :  by  C.  Bammelsberg. 
Pogg.  Ann.  civ.  497. 

Iron  reduced  by  hydrogen  and  pulverized  iron  :  by  G.  Magnus. 

J.  Pharm.  [3]  x'xxiv.  393. 

Separation  of  iron  from  alumina  by  means  of  hyposulphites :  by 

G.  Chancel.     Compt.  rend.  xlvi.  987. 

Effect  of  vibration  upon  iron.     Eepert.  Chim.  app.  i.  55. 

Assay  of  an  iron  ore.     Eepert.  Chim.  app.  i.  67. 

On  carbonate  of  ferric  oxide:  by  W.   Wallace.     Chem.  Gaz.  1858, 

412. 

On  the  action  of  carbonate  of  soda  upon  cast  iron  at  high  tem- 

peratures :  by  C.  Tissier.     Chem.  Gaz.  1858,  16. 

On  the  changes  which  cast  iron  undergoes  during  its  conversion 

into  wrought  iron  :  by  F.  C.  Calvert  and  B.  Johnson.     Ann. 
Ch.  Phys.  [3]  lii.  470. 
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Iron. — Influence  of  the  composition  of  the  blast-furnace  cinder  upon 
the  strength  of  hot-blast  iron.     J.  Pr.  Inst.  [3]  xxxv.  277. 

Estimation  of  silicon  in  cast  iron.     Ann.  Min.  [5]  xii.  696. 

Ferrous  salts  with  caustic  potash,  as  reducing  agents :  by  C.  W. 

Hempel.     Ann.  Ch.  Pharm.  cvii.  9J^. 

On  Puchs's    method  of   estimating   iron :    by  J.  Lowe.     J.  pr. 

Chem.  Ixxii.  28  ;  also  by  C.  R.  Kdnig.     Ibid.  38. 
On  the  nature  of  the  precipitate  which  cyanide  of  potassium  pro- 
duces in  ferrous  salts:  by  M.  Fresenius.     Ann.  Ch.  Pharm. 
cvi.  210. 

On  the  reaction  of  sesquichloride  of  iron  with  hydriodic  acid  :  by- 

C.  Molir.     Ann.  Ch.  Pharm.  cv.  53  ;  Chem.  Gaz.  1858,  279. 

Process    for   covering    iron  with    copper,  bronze  and   brass  :   by 

M.  Tijtherleigh.     Repertory  of  Patent  Inventions,  1858,  397 ; 

Repert.  Chim.  app.  i.  21. 
Process  for  covering  wrought  or  cast  iron  with  various  metals  or 

alloys  :     by  H.   FlecJc.      Polytechn.    Centralb.    1858,    562  ; 

Eepert.  Chim.  app.  i.  22. 
On    the    quantities    of    carbon    and    silicon   in    cast  iron :  by 

Max.  Buchner.     J.  pr.  Chem.  Ixxii.  365. 

On  the  double  nitrosulphides  of  iron:  by  L.  Boussin.     Ann.  Ch. 

Phvs.  [3]  lii.  285  ;  Ann.  Ch.  Pharm.  cvii.  120 ;  Compt.  rend, 
xlvi.  224;  J.  Pharm.  [3]  xxxiii.  241. 

White  brass  or  unoxidable  cast  iron.     Pharm.  J.  Trans,  xviii.  335. 

Iron,  Meteoric— On  a  meteoric  iron  from  Zacatecas  in  Mexico :  by 

Hugo  Miiller.     Chem.  Soc.  Qu.  J.  xi.  236. 
— —  On  the  crust  of  masses  of  meteoric  iron :  by  the    Freiherr    v. 

Eeichenhacli.     Pogg.  Ann.  ciii.  637. 
Isatin. — On  the  formation  of  isatin  by  ozone:    by  O.  L.  Erdmann. 

Phil.  Mag.  [4]  xv.  80 ;  J.  pr.  Cliem.  Ixx.  209 
Isomerism. — Researches  on  isomeric  bodies. — New  derivatives  of  oil 

of  cloves :  by  A.  Caliours.      Compt.  rend.   xlvi.  220 ;    Chem. 

Gaz.  1858,  133 ;  Ann.  Ch.Phys.  [3]  H.  189. 


J. 

Jujub. — Report  on  a  memoir  by  M.  Latour  on  the  wood  and  extract  of 
the  cultivated  jujub-tree  {Ziziphus  lotus)  J.  Pharm.  [3] 
xxxiii.  418  ;  Repert.  Chim.  app.  i.  92. 


K. 

Kamala. — On   kamala,   a  red    powder    obtained   from   the   Rottlera 
iinctoria:  by  D.  Hanhury.     J.  Pharm.  [3]  xxxiii.  262. 
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Labrax. — Chemical  analysis  of  the  scales  of  the  striped  bass  {Lahrax 

lineatus)  :  by  J.  Green      Sill.  Am.  J.  [2]  xxvi.  417. 
Lactates. — Constitution  of  lactates  :  by  A.  Bruning.    Pharm.  J.  Trans. 

xvii.  563. 
Lactin. — Estimation  of  lactin  in  milk.      J.  Pharm.   [3]   xxxiii.  -IIG  ; 

xxxiv.  130,  132. 
Larch, — Therapeutical    properties    of    larch    bark  :     by   Dr.   Moore. 

Pharm.  J.  Trans,  xviii.  35,  138. 
La  tour. — On  latour  bark  :  by  M.  Guihourt.     J.  Pharm.  [3]  xxxiv.  5. 
Laurostearin. — See  Laurie  acid. 
Lead. — On  the  equivalent  weight  of  lead:  by  C.  Mariqnac.      Ann.  Ch 

Pharm.  cvi.  165. 
On  the  isolation  of  plumbic  ethyl :  by  G.  B.  Buchton.     Proc.  Eoy 

Soc.  ix.  312 ;  Chem.  Gaz.  1858,  418. 
New  method  of  preparing  peroxide  of  lead  :  by  B.  Bottger,     J.  pr 

Chem.  Ixxiii.  492. 
Preparation  of  tribasic  acetate  of  lead:  by  F.  Bochleder.     J.  pr, 

Chem.  Ixxiv.  28  ;  J.  Pharm.  [3]  xxxiv.  240 ;  Pharm  J.  Trans 

xviii.  169. 
Explanation  of  the  formation  of  minium  in  cupels  impregnated 

with  protoxide  of  lead  :  by  A.  Levol.     J.  Pharm.  [3]  xxxiv.  358. 
Formation  of  minium  in  the  wet  way  :  by  0.  F.  Sclionhein.     J.  pr. 

Chem.  Ixxiv.  323. 
On  the  quantitative  separation  of  mercury,  lead,  bismuth,  copper 

and  cadmium  :  by  J.  Loive.  .  J.  pr.  Chem.  Ixxiv.  349. 
Separation  of  bismuth  from  lead  :  by  J.  Ldcoe.    J.  pr.  Chem.  Ixxiv 

345. 
~ On   tlie   solubility  of  sulphate  of  lead   in  an  aqueous   solution  of 

hyposulphite  of  soda  :  by  J.  Lowe.     J.  pr.  Chem.  Ixxiv.  348. 

Action  of   potable    waters    on    lead :    by    H.  Medloch.      J,  pr 

Chem.  Ixxii.  277  ;  J.  Pharm.  [3]  xxxiii.  237, 

On  the  preparation    of  chromate  of  lead  for  organic  analysis : 

by  LL.  Void.  Ann.  Ch.  Pharm.  cvi.  127  ;  Chem.  Graz.  1858, 319^ 
Loss  of  lead  and  silver  ores  in  washing.     J.  Er.  Inst.  [31  xxxv  Gl 

138.  ■      ' 

Leaves. — On  the  colours  of  leaves  :   by  M.  Bhipson.     Compt   rend 

xlvii.  912. 
Leucine.— 'On  the  oxidation  of  leucine  and  of  some  of  the  acids  C„H  O 

by   permanganate  of  potash :  by   C.   Neuhauer,      Ann.    Ch 

Pharm.  cvi.  59 ;  Ann.  Ch.  Phys.*[3]  liv.  97. 
Light. — On  a  new  action  of  hght :  by  Niepce  de  St.  Victor.      Compt. 

rend.    xlvi.  489  ;  Pharm.  J.  Trans,  xviii.  25  ;  J.  Er.  Inst.  [31* 

xxxv.  336. 

Comparison  of  the  power  of  various  modes  of  illumination  :  by 

M.  Masson.     Eepert.  Chim.  app.  i.  62. 

On  circular  polarisation    in   various   liquids  :    by   A.   Ardntsen. 

Compt.  rend,  xlvii.  735 ;   Ann.  Ch.  Phys.  [3]  liv.  403. 

On  the  luminous  appearances  which  certain  substances  exhibit 
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when  heated  :    by  H.   Bose.     Pogg.  Ann.  ciii.   311 ;    J.  pr. 
Chem.  Ixxiii.  390. 
Light. — On  various  luminous  effects  resulting  from  the  action  of  light 
on  bodies  (Pt.  ii.)  :  by  E.  Becquerel.     Compt.  rend.  xlvi.  9G9  j 
xlvii.  105. 

On  fluorescence :  by  C.  M.  Guillemin.     Pogg.  Ann.  cii.  640. 

Note  on  fluorescence  :   by  L.  C.  le   Voir.      J.  pr.  Chem.  Ixxiii. 

120. 

Intermitting  fluorescence  :  by  J.  Mi'dler.     Pogg.  Ann.  civ.  649. 

On  the  existence  of  a  second  crystallizable  fluorescent  substance 

(paviin)  in  the  bark  of  the  horse-chestnut :  by  G.  G.  Stokes. 
Chem  Soc.  Qu.  J.  xi.  17. 

On  the  yellow   fluorescence  sometimes  observed  in  a  solution  of 

fraxin  :    by  the  Prince  of  Salm-Horstmar.     Pogg.  Ann.  ciii. 
652. 

Influence  of  light  on  animals  :    by  J.  Beclard.     J.  Pharm.  [3] 

xxxiii.  309. 

Influence  of  light  on  the  polarised  electrode  :    by  W.  B.  Grove. 

Phil.  Mag.  f4]  xvi.  42G. 

On  the  influence  of  temperature  on  the  refraction  of  light;  by 

J.  H.  Gladstone  and  T.  B.  Dale.     Proc.  Boy.  Soc.  ix,  328. 

• Preliminary  notice  of  the  alleged  influence  of  solar  light  on  the 

process  of  combustion :  by  J.  Leconte.     Phil.  Mag.  [4]  xvi. 
182. 

On  the  relations  of  gold  and  other  metals  to  light:  by  M.Faraday. 

Phil.  Trans.  1857,  p.  145  ;  Ann.  Ch.  Phys.  [3]  liii.  60. 

On  the  chemical  action  of  light :  by  M.  Chevreul.      Compt.  rend. 

xlvii.  1006. 
Lignin. — On  a  solvent  of  lignin :  by  J.  ScTilossherger.     J.  Pharm.  [3] 

xxxiv.  393. 
Lignite. — Dry  distillation  of  lignite  :   hj  H.  Void.       Eepert.  Chim. 

app.  1.  37. 

On  the  lignites  of  Monte  Bamboli :  by  L.  Simonin  and  Bli  de 

Beaumont.     Compt.  rend.  xlvi.  642. 
Lime. — On  arseuiate  of  lime  :  by  F.  Field.     Chem.  Soc.  Qu.  J.  xi.  6. 

On  the  heteromorphous  states  of  carbonate  of  lime.     Berl.  Akad. 

Ber.  1856;  Ann.  Min.  [5]  xiii.  56. 

On  hydraulic  lime-stones,  artificial  stones,  and  the  formation  of 

rocks  in  the  wet  way  :  by  F.  Kuhlmann.      Ann.  Min.  [5]  xiii. 

209  ;  Compt.  rend.  xlvi.  920. 
• On    some    reactions    of    lime   and    magnesia:     by   T.  S.   Hunt. 

Chem.  Gaz.  1858,  320. 
On  the  compounds  of  sugar  with  lime  :  by  C.  Peligot.     Ann.  Ch. 

Phys.  [3]  ]iv.  377.  _ 
Linen, — Method  of  destroying  cotton  and  linen  in  woollen  fabrics:  by 

B.  B  ttger.     J.  pr.  Chem.  Ixxiii.  499. 
Litharge. — Action  of  light  upon  litharge:  by  M.  Levol.     J.  Pharm. 

[3]  xxxiv.  358  ;  Repert.  Chim.  app.  i.  67. 
Lithia. — On  the  behaviour  of  lithia  in  the  analysis  of  silicates  when 

potash  is  also  present :  by  G.  Jenzsch.     Pogg.  Ann.  civ.  102  ; 

Eepert.  Chim.  i.  59. 
Lithology. — On  the  origin  of  felspars  and  on  some  points  of  chemical 
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lithology  :  by  T.  S.  Hunt.      Phil.  Mag.  [4]  xvi.  78 ;  Sill.  Am. 

J.  [2]  XXV.  485. 
Liver. — Experinieutal  inquiry  iuto  the  alleged  sugar-forming  function 

of  the  liver  :  by  F.  W.  Pavj/.     Proc.  Eoy.  Soc.  ix.  300. 
Lysimeter.— Chemical  analysis  oUijsimeter  reisidiies  :  by  Hugo  Zcller. 

Ann.  Ch.  Pharm.  cvii.  27. 


M. 

Madder. — New  extract  of  madder.     J.  Pharm.  [3]  xxxiii.  286. 
Magn  esia. — On  arseniate  of  magnesia  :  by  F.  Field.     Chem.  Soc.  Qu. 
J.  xi.  6. 

Acid  sulphate  of  magnesia  :    hy  Hugo  Schiff.      Ann.   Ch.   Pharm. 

cvi.  115  ;  J.  pr.  Chem.  Ixxiv.  75. 

■ Monohydrated  sulphate  of  magnesia  from  Stassfurt :  by  Rammels- 

herg.     Pogg.  Ann.  xcviii.  282  ;  Ann.  Min.  [5]  xiii.  57. 

On    some    reactions    of   lime    and  magjiesia  :    by    T.    S.    Hunt. 

Chem.  Gaz.  1858,  320. 
Separation  of  magnesia  from  soda  and  lime  :  by  Count  Sclmffgotsch. 

Pogg.  Ann.  civ.  482  ;  liepert.  Chim.  i.  59. 
Magnesium. — On  the   electro-chemical  function  of  magnesium  :  by 

J.  Regnauld.     Compt.  rend.  xlvi.  852. 
Note  on  the  properties  of  magnesium  :  by  J.  Beqnauld.    J.  Pharm. 

[3]  xxxiii.  324. 

On  the  probable  origin  of  some  magnesian  rocks  :   by  T.  S.  Hunt. 

Proc.  Eoy.  Soc.  ix.  159. 
Magnetism. — Diamagnetic    experiments  :    by   H.    Christie.       Pogg. 
Ann.  ciii.  577. 

Experimental  researches    on   electro-magnetic  phenomena   deve- 

loped by  tension  :  by  Ch.  Matteucci.     Ann.  Ch.  Phys.  [3]  liii. 
385. 

Eelations  between  magnetism,  heat,  and  tension :  by  G.  Wiede- 

mann.    Pogg.  Ann.  ciii.  563  ;  Ann.  Ch.  Phys.  [3]  liii.  379. 
Manganese. — On    the    equivalent   of   manganese:    by   G   v.  Hauer. 

Wien.  Akad.  Ber.  xxv.  124;  Chem.  Gaz.  1858,  47. 
On  the  equivalents  of  cadmium  and  manganese:  by  C.  v.  Hauer. 

J.  pr.  Chem.  Ixxii.  338. 
• New  observations  on  the  preparation  of  manganese  :  by  G.  Brunner. 

Pogg.  Ann.  ciii.  139  ;  Chem.  Gaz.  1858,  178. 

On  some  ores  of  manganese  in  Transcaucasia  :  by  Ahicli.    Petersb. 

Bull.  Phys.-math.  xvi.  305. 

Separation  of  nickel  and  cobalt  from  manganese  :  by  T.  H.  Henry. 

Phil.  Mag.  [4]  xvi.  197. 

On  cupreous  oxide  of  manganese  from  Chili :  by  F.  Field.     Chem. 

Gaz.  1858,  104. 

Action  of  iodide  and  bromide  of  potassium  on  the  higher  oxides  of 

manganese:    by    W,   Hempel.      Ann.   Ch.   Pharm.  cvii.   100; 
Kepert.  Chim.  i.  57. 
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Manganese. — Eegeneration  of  peroxide  of  manganese:  by  Ch.  Tennant- 
Dunlop.  Eepert.  Chim.  app.  i.  55 ;  J.  Pharm.  [3]  sxxiii. 
286. 

On  the  coloration  of  manganese-salts  and  on  oxalate  of  man- 
ganese :  by  A.  Gorgen.     Compt.  rend,  xlvii.  929. 

On  the   oxidizing   properties    of  permanganate   of    potash  :    by 

L.  Pmn  de  Ste.-Gilles.  Compt.  rend.  xlvi.  G24,  1143;  xlvii. 
554;  J.  pr.  Chem.  Ixxiii.  470;  Chem.  Gas.  1858,  286,  454; 
Pharm.  J.  Trans,  xviii.  224. — Eemarks  by  M.  Bussy.  Compt. 
rend.  xlvi.  628. 

Oxidation  of  albumin  by  permanganate  of  potash  :  by  G.  Stddeler. 

J.  pr.  Chem.  Ixxii.  251 ;  Chem.  Gaz.  1858,  101. 

Determination  of  copper  by  means  of  permanganate  of  potash  : 

by   A.  Terrell.     Compt.  rend.  xlvi.  230  ;  Chem.  Gaz.  1858. 

140. 
■ On  the  oxidation  of  leucin  and  some  of  the  fatty  acids  CnH„04  by 
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cvi.  59  ;  Ann.  Ch.  Phys.  [3]  liv.  97. 
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Decomposition  of  cyanide  of  mercury  by  the  iodides  of  methyl, 
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Meteorites. — On  the  meteorite  of  Hainholz.     Pogg.  Ann.  cii.  618. 
Examination  of  a  meteorite  found  near  Mainz :  by  E.  Hermann. 

J.  pr.  Chem.  Ixxiii.  235. 
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Milk. — On  the  analysis  of  milk  :  by  MM.  Johj  and  Fillwl.     J.  Pharm. 

[3]  xxxii.  428. 

Analysis  of  milk  by  means  of  standard  solutions  :  by  E.  Monier. 
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Eichtelite. — On  fichtelite,  a  fossil  carbo-hydrogen  found  in  the 

Eichtelgebirg  of  North  Bavaria,  by  T.  E.  Clark.     Sill.  Am. 

J.  [2]  xxvi.  164. 
Pluor-spar. — Presence  of   fluor-spar   in   the    rock   forming  the 

basin   of  Plombieres  :    by   J.   Nichles.      Compt.    rend.    xlvi. 

1149  ;  also  by  M.  Jutier.     Ibid.  1205. 

—  On  the  odoriferous  fluor-spar  of  Wesendorf  in  Bavaria  :    by 

C.  F.  ScJidnhein.     J.  pr.  Chem.  Ixxiv.  325. 
Garnet. — On  the  composition  of  garnet :  by  B.  Hermann.     J.  pr. 

Chem.  Ixx.  321 ;  Phil.  Mag.  [4]  xv.  IGO. 
Grlauberite. — On  the  formation  of  glauberite  in  the  wet  way  :  by 

J.  Frifzsche.     J.  pr.  Chem.  Ixxii.  291. 
Granite. — On  the  granites  of  Ireland:   by  S.  Haughton.     Phil. 

Mag.  [4]  XV.  234. 
Grey  Copper. — Analyses  of  grey  copper.     Ann.  Min.  [5]  xiii.  66. 
Gypsum. — Analyses  of  gypsum-rocks  in  Algeria.     Ann.  Min.  [5] 

xii.  677. 
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Minerals;  Haematite. —  A.nalysis   of    haematite  aud  magnetic  ores  of 

iron:  by    W.  Wallace.     Clirn.  Gaz.  1858,  274. 
Hartite. — On  pianzite   and    hartite :    by   A.   Kennyott.      Ann. 

Miu.  [5]  xiii.  67. 
Hareanlite. — On  the  crystalline  form  and  optical  properties  of 

hareaulite  :  by  M.  Descloizeaux.     Ann.Ch.  Phys.  [3]  liii.  293. 
Hornblende. — On  the  crystallographical  and  chemical  relations 

of    augite  and  hornblende  and  of  some   allied    minerals  :  by 

C.    Rammelsherg.     Pogg.  Ann.    ciii.   273,  435 ;  J.  pr.  Chem. 

Ixxiii.  418. 
Hydroborocalcite. — On   hydroborocalcite    from    Clifton,    New 

Caledonia:  by  S.  Hau.     Sill.  Am.  J.  xxiv.  230;  J.  pr.  Chem. 

Ixxiii.  382. 
Hydrophane. — Production  of  artificial  hvdrophane:  by  M.  Lang- 

lois.     Ann.  Ch.  Phys  [3]  lii.  331. 
Hydrotalcite. — Analyses  of    hydrotalcite :  by    C.  Bammelsberg. 

Pogg.  Ann.  xcvii.  296;  Ann.  Min.  [5]  xiii.  59. 
Hypostilbite.— On    hypostilbite   and    stilbite.      J.    pr.    Chem. 

Ixxii.  188. 
Kapnicite. — Onkapnicite:  by  A.KenngoU.  Ann.  Min.  [5]  xiii.  58. 
Kenngottite. — On     kenngottite  :    hj  Harding er   aud  Kenngott. 

Ann.  Min.  [5]  xiii.  64. 
Killinite. —  Analyses   of  killinite :    by    Galhraith.     Journ.    Geol. 

Soc.  of  Dublin,  vi.  165 ;  Ann.  Min.  [5]  xiii.  53. 
Kir. — On  ozokerite,  neft-gil  and  kir  :  hy  J Fritzsche.     J.  pr.  Chem. 

Ixxiii.  321. 
Lanthanite. — On   lanthanite   and  allanite   from   Essex  County, 

New  York :  by  W.  P.  BlaTce.     Sill.  Am.  J.  [2]  xxvi.  245. 
Leucite. — On  leucite  from  the  Kaiserstuhl :  by  G.  Base.     Pogg. 

Ann.  ciii.  521. 
Limestone. — On  the  limestone  of  Dicerates  in  the  Pyrenees  :  by 

M.  Leymerie.     Compt.  rend.  xlvi.  848. 
Mellite. — New  locality  of  mellite :  by  Oucharoff.     Peterb.  Bull. 

Phys.  math.  xvi.  301. 
Mispickel. — Analyses    of   mispickel.     Pogg.  Ann.    xcviii.    184; 

Ann.  Min.   [5]  xiii.  59 ;  also  Ann.  Min.  [5]  xiii.  60. 
Natrolite. — Pseudomorphoses  of  natrolite  in  the  forms  of  oligo- 

clase  and  nephelin  :  by  B.  Blum.     Pogg.  Ann.  cv.  133. 
Nephtedegil.  —  On    nephtedegil,    baikerite    and    asphalt:     by 

jB.  Hermann.     J.  pr.  Chem.  Ixxiii.  220. 
Ophiolite.— Contributions  to  the   history   of  the   ophiolites :  by 

T.  Sterry  Hunt.     Sill.  Am.  J.  [2]  xxv."217  ;  xxvi.  234. 
Orthite.— Analyses  of  orthite:  hyF.  Stiff.  Ann.  Min.  [5]  xiii.  63. 
Osteolite. — On  osteolite  from  the  Kratzerberg,  near  Friedland 

in  Bohemia:  by  Hiirre.     Pogg.  Ann.  cv.  155. 
Ozokerite. — On  ozokerite,  neft-gil  and  kir:  by  J.  Fritzsche.   J.  pr. 

Chem.  Ixxiii.  321. 
Pajsbergite.— Crvstalline  form  of  pajsbergite  :    by  B.  P.   Greg. 

Phil.  Mag.  xi.  "196  ;  Ann.  Miu.  [5J  xiii.  68. 
Pelicanite. — Analysis  of  pelicanite  :  by  Oucharoff'.     Petersb.  Bull. 

Phys.-math.  xvi.  129  ;  J.  pr.  Chem.  Ixxiv.  129. 
Perowskite --Analysis    of  perowskite   from    Schlingen    on    the 
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Kaiserstuhl  (Baden)  :  by  F.  Seneca.     Anu.    Ch.    Pharrn.  civ. 

371 ;  Phil.  Mag.  [4]  xv.  354. 
Minerals;    Phosphorocalcite. — Observations  on  phosphorocalcite 

and  ehlite  :  by  -S.  Hermann.     J.  pr.  Cham.  Ixxiii.  215. 
Pianzite. — On   pianzite  and  hartite:    bv    A.    Kenngotf.     Ann. 

Min.  [3]  xiii.  67. 
Picromeride. — On  cyanochrome   and  picromeride :  by   Scacchi. 

Ann.  Min.  [5]  xiii.  70. 
Pumice-stone.— Sal-ammoniac    in    puinice-stone:  by  P.  Bolley. 

Ann.  Ch.  Pharm.  cvi.  221. 
Quartz. — Crystalline  form  of  quartz  :  by  H.  Dauber.     Pogg.  Ann. 

ciii.  107. 
Quartz. — On   a   pseudomorphosis   of   amorphous   quartz   in   the 

form  of  coelestin :    by  B.  Blum  and  C.  Clausius.     Pogg.    Ann, 

ciii.  628. 
Samarskite. — Analysis  of  columbite  and  saraarskite  :  by  Chandler. 

Ann.  Min.  [5]  xiii.  62. 
Savite. — Crvstalline  form  of  savite:  by  Breithaupt.      Ann.  Min. 

[5]  xiii.  "eg. 

Saussurite. — On    euphotide    and   saussurite :    by    T.    S.   Hunt. 

Phil.  Mag.  [4]  xv.  553  ;  SiU.  Am.  J.  [2]  xxvi.  437. 
Sp bene.— On  some  new  forms  of  British  sphenes :  by  Dr.  Heddle. 

Phil.  Mag.  [4]  xv.  134. 
Stassfurtite. — On  stassfurtite :  by  G.  Rose.     Pogg.  Ann.  xcvii. 

632  ;  Ann.  Min.  [5]  xiii.  57. 
Tantalite.  —  Analysis     of     tantalite    from    Chanteloube,    near 

Limoges:  by  Jenzsch  dmA.  Chandler.     Ann.  Min.  [5]   xiii.  63. 
Theuardite. — On  thenardite  from  Vesuvius:  hj  Scacchi.     Ann. 

Min.  [5]  xiii.  69. 
Thermophyllite. — On  thermophyllite :  by  B.Hermann.     J.  pr. 

Chem.  Ixxiii.  213. 
—  On  the  constitution  of  thermophyllite :    by   A.  B.    Northcote. 

Phil.  Mag.  [4]  xvi.  263. 
Tremolite. — On    pseudomorphic    tremolite  encrusted  with  car- 
bonate of  lime    and  magnesia,  being   apparently  the   mineral 

described    bv   Dufreuoy    under    the    name    of   miascite :    bv 

A.  Gaffes.     Phil.  Mag.  '[4]  xv.  180. 
Trichalcite. — On   trichalcite:    by  B.  Hermann.     J.   pr.    Chem, 

Ixxiii.  212. 
Tyrite. —  On  the  mineral  named  tyrite  :  by -4.  Kenngott.     Pogg. 

Ann.  civ.  330. 
Vesuvian. — On  the    composition  of  vesuvian :    by  R.  Hermann. 

J.  pr.  Chem.  Ixx.  321 ;  Phil.  Mag.  [4]  xv.  160. 
Vivianite. — Formation  of  vivianite  in  the  animal  body  :    by  Hugo 

Schif.      Ann.    Ch.    Pharm.     cvi.    108 ;    also    by    J.  Nickles. 

J.  Pharm.  [3]  xxxiii.  417. 
Wagnerite. — See  Apatite. 
Tttrotantalite. — Analysis   of  yttrotantalite  from   Ytterby  :   by 

Chandler.     Ann.  Min.  [5]  xiii.  63. 
Zeolites. — On  the   formation  of  zeolites :  by  A.  Dauhree.     Ann, 

Min.  [5]  xiii.  227. 
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Minerals;  Zeolites. — Formation  of  zeolites  in  the  thermal  waters 

of  Plombieres  :  by  A.  Dauhree.     Compt.  rend.  xlvi.  1086. 
—   Eesearches    on    the    hygroscopic    properties  of    minerals    of 

the  zeolite  family :  by  A.  Damour.     Ann.  Ch.  Phys.   [3]  liii. 

438. 
Zircon. — Analysis  of  zircon  from  Buncombe  County,  IS".  Carolina: 

by  C.  F.  Chandler.     Pogg.  Ann.  lii.  444. 
Zircon-syenite. — On  the  felspathic  rocks  of  the  zircon-syenite : 

by  C.  Bergemann.     Pogg.  Ann.  cvi.  118. 
Zinc-bloom. — On     Spanish    zinc-bloom:     by    T.    Petersen    and 

E.  Voit.     Ann.  Ch.  Pharm.  cviii.  48. 
Minium, — See  Lead. 
Molybdenum. — Researches  on  molybdenum:  by  H.  Dehray.     Compt. 

rend.  xlvi.  1098;  Chem.  Gaz.   1858,  36(5;    Ann.  Ch.   Pharm. 

cviii.  250. 
Crystalline     form    of     native     sulphide    of    molybdenum:      by 

N.  V.  Kokscharoiv.     Ann.  Min.  [5]  xiii.  70. 
On  nitride  of  molybdenum.      Ann.   Ch.   Pliarm.   cv.   258;    Phil. 

Mag.  [4]  XV.  488;  J.  pr.  Chem.  Ixxiv.  80;    Chem.  Gaz.  1858, 

334. 
New   mode   of   formation  of  oxychloride    of  molybdenum :    by 

A.  Geuther.     Ann.  Ch.  Pharm.  cvi.  239. 
Notes  on  the  use  of  molybdate  of  ammonia  as  a  test  for  phos- 
phoric acid:  by  J".  W.  Bell.    Sill.  Am.  J.  [2]  xxv. ;  Chem.  Gaz. 

1858,  373. 
Monamines. — Contributions  towards  the  history  of  the  monamines  : 

by  A.  W.  Hofmann.      Proc.  Eoy.  Soc.  ix.  293  ;  Chem.  Gaz. 

1858,  434. 
Morphia. — On     some    products    of   the     oxidation   of  morphia    by 

niti'ous    acid :    by    P.    Schutzenherger.      Compt.    rend.    xlvi. 

598. 
Murexide. — 'On  murexide:  by  Fr.  Beilstein.     Ann.  Ch.  Pharm.  cvii. 

176;  Repert.  Chim.  i.  70;  Pharm.  J.  Trans,  xviii.  328. 
— —  Preparation  of  murexide  and  its  use  in   dying.     Repert.  Chim. 

app.  i.  79. 
Mortar. — On    hydraulic   mortars:   by  M.  Bobertson.    Repert.   Chim. 

app.  i.  54. 
Mycose. — On   mj'cose,  the  sugar    of    ergotized    rye:     by   F.     Mits- 

cherlich.     Berl.   Akad.   Ber.  1857,  469  ;  Pharm.  J.  Trans,  xvii. 

558  ;  J.  pr.  Chem.  Ixxiii.  65  ;  Ann.  Ch.  Pharm.  cvi.   15;    Ann. 

Ch.  Phys.  [3]  liii.  232 ;  Chenu  Gaz.  1858,  123. 
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Naphtha. — New   oil  of  naphtha:    by    Warren   de   la  Rue.     Eepert. 

Chim.  app.  i.  40. 
Naphthalidain. --Ou  a  product  of  the  action   of   nitrous  acid  on 

naphthahdam  :  by  P.  Schutzenherger  and  E.  Willm.     Compt. 

rend.  xlvi.  894  ;  J.  pr.  Chem.  Ixxiv.  75. 
Naphthalidine.  —  On     some     derivatives     of    naphthalidine :      by 

N.  Zinin.      Petersb.   Bull.  Phys.-math.  xvi.  282;    Ann.  Ch. 

Pharin.  cviii.  228. 
Naphthyl. — Notice  of  researches  on  the  sulphocyanide  and  cyanate 

of  naphthyl :    by  A.  W.  Hofmaun  and  V.   Hall.     Proc.  Hoy. 

Soc.  ix.  367. 
Nickel. — On  the  electric  resistance  of  nickel :    by  A.  Ardntsen.  Pogg. 

Ann.  cv.  148. 
Antimonide    of    copi)er  and   nickel,  a    new  crystallized  furnace- 
product  :  by  F.  Sandherger.     Pogg.  Ann.  ciii.  526. 
Oxide  of  nickel-ammonium,  a  solvent  of  silk,  and  a  means  of  dis- 
tinguishing it  from  cellulose :  by  J.  Schlossherger.     Ann.  Ch. 

Pharm.  cvii.  21  ;  J.  pr.  Chem.   Ixxiii.  369  ;  Chem.  Gaz.  1858, 

370. 
New  method  of  treating  speiss  and  copper-nickel:  by  S.  Chez. 

Compt.  rend.  xlvi.  41 ;  Chem.  Gaz.  1858,  154. 
Separation    of    nickel   and   cobalt   from    manganese :    by    T.    H. 

Renry.     Phil.  Mag.  [4]  xvi.  197. 
Nicotine. — Simple  apparatus    for    determining  the   amount  of  nico- 
tine in  tobaccos:  by   J.  Schiel.     Ann.   Ch.  Pharm.   cv.  257; 

Pharm.  J.  Trans,  xvii.  624  ;  J.  pr.  Chem.  Ixxiv.  127. 
Niobium. — On  niobium;    by  H.  Hose.      Pogg.  Ann.   civ.  310,  432; 

Eepert.  Chim.  i.  52 ;  Ann.  Ch.  Pharm.  cviii.  230. 
Separation   of    tantalic    acid    from    the    acids   of   niobium  :     by 

H.  Bottger.     J.  pr.  Chem.  Ixxiii.  503. 
Nitrates. — Ou    the     relation   of   Chili-saltpetre,    common   salt,    and 

sulphate  of  ammonia  to  the  soil:  by  J.  v.  Liebig.     Ann.  Ch. 

Pharm.  cvi.  185  ;  Eepert.  Chim.  app.  i.  33. 
Compounds  of  nitrate  of  soda  with  nitrate  of  silver :   by  II.  Hose. 

Pogg.  Ann.  cii.  436;  Chem.  Gaz.  1858,  200. 
On  the  behaviour  of  basic    nitrate  of  bismuth   to    an  aqueous 

solution  of  nitrate  of  ammonia  :  by  J.   Lowe.     J.   pr.    Chem. 

Ixxiv.  341. 
Nitre. — Valuation   of  nitre:    by  B.  Fresenius.     Eepert.   Chim.    app. 

i.  30. 
Nitriles. — Compounds  of    nitriles   with    chlorides:    by    W.    HenJce. 

Ann.  Ch.  Pharm.  cvi.  280. 
Nitrobenzol. — On  the  reduction  of  nitrobenzol  by  ethylate  of  sodium  : 

by  MM.  Becliamp  and  St.  Pierre.     Compt.  rend,  xlvii.  924. 
Nitro-compounds. — On     the    behaviour    of    certain     organic    chlo- 
rides  and   nitro-compounds   with    hydrogen    evolved   by   the 

action  of  zinc    on  dilute   acids :    by  A.    Geutlier.      Ann.   Ch. 

Pharm.  cvii.  212 ;  llepert.  Chim.  i.  61. 
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Nitrogen. — Absorption   of   nitrogen      by     elementary     bodies:     by 

H.  Ste. -Claire  Deville.     Compt.  rend.  xlvi.  350. 
• On   the   analysis  of  organic  compounds  containing  nitrogen :  by 

H.  Limpriclit.     Ann.  Ch.  Pharm.  cviii.  46. 
On  the  annual  yield  of  nitrogen   per  acre  in  different  crops  :  by 

J.  B.  Lawes\\i^  J.  II.  Gdhert.     Chem.  Graz.  1858,413. 
Action  of  nitrogen  and  its  oxides  on  boron :    by  F.  WoJiler  and 

H.  Ste.-Glaire  Deville.     Compt.  rend.  xlvi.  185  ;    J.  pr.  Chem. 

Ixxiii.  255.    Remarks  by  M.  I)esprefz.     Compt.  rend.  xlvi.  189. 
Action  of   nitric  oxide  on   boron :    Ann.   Ch.   Pharm.  cv.    259 ; 

Pharm.  J.  Trans,  xvii.  623 ;  Chem.  Gaz.  1858,  263. 
— —  On  tlie   special  affinity  of  nitrogen  for  titanium  :  by  F.   WoJiler 

and  H.  Ste.-Claire  Deville.     Ann.  Ch.  Phys.  [3]  lii.  92. 
Compounds  of  vanadium  with   nitrogen  :    by  E.  TJhrlaub.     Pogg. 

Ann.  ciii.   134;  J.  pr.  Chem.  Ixxiii.  378;  Chem.  Gaz.  1858, 

197. 
On  a   new  mode  of  formation  of  nitride  of  titanium.     Ann.  Ch. 

Pharm.  civ.  108  ;  J.  pr.  Chem.  Ixxiii.  189. 
On    the    nitrides    of    tungsten    and    molybdenum.       Ann.    Ch. 

Pharm.  cv.  258;  Phil.  Mag.   [4]   xv.  488;  Pharm.  J.  Trans. 

xvii.  624 ;  J.  pr.  Chem.  Ixxiv.  80  ;  Chem.  Gaz.  1858,  334. 
On    a    new   series    of    organic    acids   containing   nitrogen :     by 

F.  F-ankland.  Phil.  Trans.  1857,  59  ;  Chem.  Soc.  Qu.  J.  xi.  79. 

Transformation    of    the    nitrogen    of    azotized    substances    into 

nitrate  of  potash  :  by  S.  Chez  and  F.  Guignet.     Compt.  rend 
xlvii.  710. 
Nitro-glycerin. — On  nitro-glycerin  or  glonoin.      Pharm.   J.  Trans, 
xvii.  544,  628. 

On  nitro-glycerin.     J.  pr.  Chem.  Ixxii.  38. 

Nitroprussides. — On    the    composition    of  the    nitroprussides  :    by 

J.    G.    Gentele.     J.  pr.  Chem.  hxiv.  199. 
Ni t r OS ulp hides. — On   double  nitrosulphides,  a  new  class  of  salts  : 

by  ilT.  Fonssin.     Compt.  rend.    xlvi.    224;    Ann.    Ch.   Phys. 

[3]  lii.  285 ;    J.  Pharm.  [3]  xxxiii.   241 ;  xxxiv.  206 ;  J.  pr. 

Chem.  Ixxiii.  252;   Chem.  Gaz.  1858,  127;  Ann.  Ch.  Pharm. 

cvii.  120. 
Notation. — On  an  inconsistency   in    chemical  notation:    by    0.  F. 

Feindel.     J.  pr.  Chem.  Ixxiii.  109. 
Nucin. — On  nuciu,  a  crystalline  substance  obtained  from  green  walnut 

shells:  by  ^.  Vogel  and  C.  Reischauer.     J.  pr.  Chem.  Ixxiii. 

319. 
Nutrition,  vegetable. — General  conditions  of  plant  life,  and  func- 
tions of  the  soil  as  regards  the  nutrition  of  crops.     Pharm.  J. 

Trans,  xviii.  164. 

New  researches  on  the  function  of  inorganic  principles  in  the 

nutrition  of  plants  :  by  M.  Ville.     Compt.  rend,  xlvii.  488. 
Nux  Vomica. — Researches    on    the    alkaloids   of   nux  vomica  :    by 
P.  Schutzenherger.     Ann.  Ch.  Pharm.  cvii.  76 ;  Eepert.  Chim. 
i.  76 ;  Compt.  rend.  xlvi.  1234. 
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Oeiiauthacetoue. — On  oeuauthacetone  :    by  «.    Uslar  and   Seekamp 

Ann.  Ch.  Pharm.  cviii.  179. 
Oils. — Extraction  and  purification  of  oils.     J.  Pharm.  [3]  xxxiii.  445. 
Process  for  decolorizing  the  fatty  oils  :  by  C.  Brunner.     Chem. 

Graz.  1858,  338;  J.  Pharm.  [3]  xxxiv.  214;  Report.  Chim.  app. 

i.  20. 
Action  of  chloride  of  sulphur  on  oils  :  by  Z.  Boussin.     Compt. 

rend,  xlvii.  877  ;  also  by  M.  Perm.     Ibid.  878  :  Eepert.  Chim. 

app.  i.  94  ;  also  by  J  NicJcles.     Compt.  rend,  xlvii.  972. 
Adulteration  of  bitter  almond  oil  with  nitrobenzol :  by  31.  MarscJi. 

Buchner's  Eepert.  vii.  125  ;  J.  Pharm.  [3]  xxxiv.'75  ;  Eepert. 

Chim.  app.  i.  102. 
On   the   behaviour  of  bitter  almond  oil  with    oxygen :    bv  C.  F. 

Sclionhein.     J.  pr.  Chem.  Ixxiv.  328. 

New  researches  on  oil  of  cloves:  by -4.  Calwurs.      Compt.   rend. 

xlvi.  220 ;  J.  pr.  Chem.  Ixxiii.  259  ;  Chem.  Gaz.  1858,  133. 
Combustion  of  heavy  coal-oil.     J.  Pharm.  [3]  xxxiii.  446. 

Adulteration   of    cod-liver   oil   with   colophony  :    by   B.   Bottger. 

Eepert.  Chim.  app.  i.  102. 

Examination  of  croton  oil  :    by  T.  Sclilippe.      Ann.  Ch.  Pharm. 

cv.  1 ;    Ann.  Ch.  Phys.  [3]  Hi.  496  ;    J.  pr.  Chem.  Ixxiii.  275  ; 

Chem.  Gaz.  1858,  272. 

Oil  of  horse-chestnuts.     Pharm.  J.  Trans,  xviii.  335. 

Purification  of  olive  oil  by  means  of  bisulphide  of  carbon.    Compt. 

rend.  xlvi.  108. 
Oils,  volatile. — Action    of    chlorine    on    certain    volatile   oils  :     by 

B.  Bottger.     J.  pr.  Chem.  Ixxiii.  498. 

Distinguishing  characters    of  certain  essences  :    by  B.  Bottger. 

Eepert.  Chim.  i.  71. 

Action  of  perchloride  of  phosphorus  on  oil  of  winter  green  :    bv 

C.  Brion.     Compt.  rend.  xlvi.  1238 ;  Chem.  Gaz.  1858,  448.  ' 

Chemical   researches  on  oil  of  majidarin    (obtained  from  Citrus 

higaradia  sinensis  and  myrtifolia) :  by  8.  de  Luca.     J.  Pharm. 
[3]  xxxiii.  51. 
Volatile  oils  from  resin,  &c.     Pharm.  J.  Trans,  xviii.  133. 

On  the  constitution  of  the  essential  oil  of  rue  :  by  G.  G.  Williams. 

Phil.  Trans.  1858,  199;  Proe.  Eoy.  Soc.  ix.   167;    Chem.  Gaz 

1858,  159  ;   Ann.  Ch.  Pharm.  cvii.  374. 
Oleone. — On  two  ethereal  illuminating  materials,  pinoline  and  oleone . 

by  H.   Void.       Dingler's  Polyt.   J.  cxlvii.  304 ;  Chem.    Gaz. 

1858,  350. 
Orchis. — Presence  of   coumarin  in    the    Orchis  fusca:    by  M.  Bleu 

J.  Pharm  [3]  xxxiv.  212. 
Organic  Compounds. — Action  of  heat  on  neutral  organic   bodies; 

by  A.  Gelis.     J.  Pharm.  [3]  xxxii.  424,  xxxiii.  405 ;  Ann   Ch 

Phys.  [3]  lii.  352. 
On  the  rational  constitution  of  certain  organic  compounds  :  bv 
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Wolcott  Gibhs.      Sill.  Am.  J.  [2]  xxv.  18  ;  J.  pr.  Chem.  Ixxiv. 

89. 
Organic  Compounds. — Xew  theory  of  the  constitution  of  organic 

compounds  :  by  A.  Couper.     Compt.  rend.  xlvi.  1157. 
On  organic  compounds  containing  arsenic :  by  A.  Baeyer.     Ann. 

Ch.  Pharm.  cv.  265  ;  Ann.  Ch.  Phys.  [3]  liv.  99 ;  Chem.  Gaz. 

1858,  253. 

On    the   treatment   of    organic    substances  with  bichromate   of 

potash  :  by  E'.  Eocldeder.     J.  pr.  Chem.  Ixxii.  393. 

Production  of  organic  substances  without  the  agency  of  vitality : 

Pharm.  J.  Trans,  xviii.  170. 
Organo-metallic    Radicals.  —  Further    remarks    on    the    organo- 

metallic  radicals,  and  on  the  isolation  of  mercuric,  plumbic,  and 

stannic  ethyl  :    by  G.  B.  Buckton.     Proc.  Roy.  Soc.  ix.  309 ; 

Chem.  Gaz.  1858,  415. 
Organized  Matter. — On  the  organized  matter   of  the   sulphurous 

springs  of  the  Pyrenees :  by  M.  Leon  Souheiran.     J.  Pharm. 

[3]  xxxiii.  199,  266,  421  ;  xxxiv.  37. 
Osmium. — Preliminary  notice  of  a  new  base  containing  osmium  and 

the  elements  of  ammonia  :  by  W.  Gibbs  and  F.  A.  Gentli.    Sill. 

Am.  J.  [2]  XXV.  248  ;  Chem.  Gaz.  1858,  198. 
Oxalane. — On  oxalaue.  Ann.  Ch.  Pharm.  cviii.  126. 
Oxalates. — On  the  oxalates  of  the  heavy  metals  :  hj  A.  Soivchay  and 

E.  Lenssen  (continuation).     Ann.  Ch.  Pharm.  cv.  245;  Chem. 

Gaz.  1858,  264. 

On  oxalate  of  manganese  :  by  A.   Gorgen.      Compt.  rend,  xlvii. 

929. 
Oxides. — On    metallic    oxides:    by  A.   EngellianU.      Petersb.   Bull. 

Phys.-math.  xvi.  104  ;  J.  pr.  Chem.  Ixxii.  299. 
Oxy chlorides.- — See  CliJorides. 
Oxygen. — On  the  atomic  weights  of  oxygen  and  water:  bj  W.  Odling. 

Chem  Soc.  Qu.  J.  xi.  107 ;  abstr.  Repert.  Chim.  i.  49. 
Determination,  by  means  of  oxide  of  carbon,   of  the  quantities 

of  oxygen  contained  in  the  venous  blood  of  glandular  organs  in 

activity  and  in  repose  :  by  CI.  Bernard.       Compt.  rend,  xlvii. 

393  ;  J.  Pharm.  [3]  xxxiv.  309. 

On  the  various  conditions  of  oxvgen  :  by  Schdnbein.      Phil.  Mag. 

[4]  XV.  24. 

Further  observations  on  the  allotropic  modifications  of  oxygen, 

and  on  the  compound  nature  of  chlorine,  bromine,  &c. :  by 

C.  F.  Schdnbein.     Phil.  Mag.  [4]  xv.  178. 
On  the  behaviour  of    bitter  almond    oil   to    oxygen  :    by   G.  F. 

Schdnbein.     J.  pr.  Chem.  Ixxiv.  328. 
On  the  reciprocal   catalysis  of  a  series  of  oxides,  peroxides  and 

oxygen-acids,  and  the  opposite  chemical  states  of  the  active 

oxygen  contained  in  them  :    by   C.  F.  Schdnbein.     Ann.  Ch. 

Pharm.  c™^  157. 

Proofs    of    the    presence    of    nascent    oxygen   in    the    air  :    by 

A.  Ilouzeau.     Compt.  rend.  xlvi.  89. 

New   analytical   method   of    detecting  and    estimating    nascent 

oxygen :  by  A.  Ilouzeau.     J.  Pharm.  [3]  xxxiii.  115. 
Oxygenated    Water.  —  On   the  depolarizing  action   of  oxygenated 
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water  :    by  MM.  de  Foinville  and  Delerain.      Compt.  rend, 
xlvii.  149. 
Ozone. — On  the  nature  of  ozone:  by  R.  Clausius.    Phil.  Mag.  [■!]  xvi. 
45  ;  Pharm.  J.  Trans,  xviii.  190. 

On  ozone  :  bv  Baho,  Bunsen  and  Magnus.     J.  Pharm.  [3]  xxxiv. 

395. 
Two  kinds  of  ozone,  three  kinds  of  oxygen  :  by  C.  F.  ScMiibein. 

J.  Pharm.  [3]  xxxiv.  39G. 
Fourth  memoir  on  ozonometry  :  by  M.  de  Berigny.     Compt.  rend. 

xlvi.  237. 

Instruiuent  for  measuring  the   constant  intensity  of  ozone  :  by 

JDr.  Lanhester.     Pharm.  J.  Trans,  xviii.  290. 

Quantity  of  ozone  in  the  atmosphere :  by  F.  Neumann.     Pogg. 

Ann.  cii.  614. 

Report  on  several  memoirs  by  M.  Houzeau  relating  to  ozone :  by 

M.  Becquerel.     Compt.  rend.  xlvi.  670. 
On  ozonized  hydrogen  :    by  J.   Lowentlial.      J.  pr.  Chem.  Isxi. 

116. 
Ozonized  hydrogen:  by  G.  Osaan.     Pharm.  J.  Trans,  xvii.  376. 


P. 

Paper. — Paper  for  copying  and  other  purposes  :  RepeH.  Chim.app.  i.  96. 
Paraffin.  —  On    the    composition    of    paraffin  :     by     T.    Anderson. 

J.  pr.  Chem.  Ixxii.  379 ;  J.  Pharm  [3]  xxxiii.  239. 

Note  on  paraffin :  by  Reiclienbach.     J.  pr,  Chem.  Ixxiii.  101. 

Purification  of  paraffin.     Repert.  Chim.  app.  i.  25. 

On   tlie   products    of  the    action  of  chlorine    on    paraffin  :    by 

P.  Bolley.     Ann.  Ch.  Pharm.  cvi.  230  ;  Chem.  Gaz.  185S,  303. 
Parchment. — Report  on  vegetable  parchment  :    hj  A.  W.  Hofmann. 

Pharm.  J.  Trans,  xviii.  273. 
Paulownia. — On   a   colouring   matter   extracted   from   the   leaves   of 

Pauloionia  imperialis  :  by  M.  Belhomme.      Compt.  rend,  xlvii. 

214. 
Paviin. — On    the   existence   of     a   second    crystallizable    fluorescent 

substance   (paviin)   in   the   bark  of  the  horse-chestnut :     by 

G.  G.  Stokes.     Chem.  Soc.  Qu.  J.  xi.  17. 
Peas. — On     a   fat   containing    phosphorus    in   peas  :    by    W.   Knop. 

Chem.  Centr.  1858,  479  ;  Chem.  Gaz.  1858,  369. 
Peat. — Distillation  of  peat,  brown  coal,  &c.  :   by  H.  Vohl.      Pharm.  J. 

Trans,  xviii.  163  ;  Repert.  Chim.  app.  i.  37. 
On  the    chemical    history    of    the  products    of    the    destructive 

distillation  of  peat.  (Part  i.)  Eormation  of  several  acids  of  tlie 

series  Cn  Hu  O4 :  by  W.  K.  Sullivan.    Atlantis.  I80S,  p.  185 
Researches  on  peat  :    by  M.  de  Marsilly.      Ann.  Min.  [5J  xii. 

347. 
Pelosiue. — On  tlie  action  of  potash  upon  pelosine:  by  C.  G.  Williams, 

Chem.  Gas.  1858,  321. 
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Percolation. — The  process  of  percolation:  by  E.  B.  Squihb.  Pharm.  J. 

Traus.  xviii.  176. — Remarks  thereupon,  by  A.  W.  Smith. 
Permanganates. — See  Manganese. 
Peroxides. — New   method  of  preparing  the  peroxides   of  lead   and 

bismuth  :  by  R.  Bbtiger.     J.  pr.  Chem.  Ixxiii.  492. 
Note   on  the  formation  of  the  peroxides  of  the  radicals  of  the 

organic  acids  :    by  B.  C.  Brodie.     Proc.  Eoy.   Soc.  ix.    361 ; 

Ann.  Ch.  Pharm.  cviii.  79. 

On   the   power   of   certain   peroxides   to   unite  with   acids  :    by 

C.  F.  ScJioniein.     J.    pr.    Chem.  Ixxiv.    315  ;    J.  Pharm.  [3] 

xxxiv.  441. 
Peruvin. — On  cinnamein  and  peruvin:  by  C  Kraut.    Ann.  Ch.  Pharm. 

cvii.  208  ;  Eepert.  Chim.  i.  64. 
Phenyl. — On  cyanate  and  sulphocyanide  of  phenyl:    by  ^.  W.  Hof- 

mann.     Proc.  Roy.  Soc.  ix.  274  ;  Ann.  Ch.  Phys/[3]  liv.  200  ; 

Compt.  rend,  xlvii.  422;  Chem.  Gaz.  1858,  358. 
Phosphates. — On    the    absorption    of    phosphates    by   plants  :    by 

P.  Thenard.     Compt.  rend.  xlvi.  212;  J.  pr.  Chem.  Ixxiii.  360  ; 

J.  Pharm.  [3]  xxxiii.  223  ;  Phil.  Mag.  [4]  xv.  405. 
On   the   assimilation   of    earthy   phosphates  ;    by    A.    Bolnerre. 

Eepert.  Chim.  app.  i.  73. 

On  certain  species  of  artificial  metallic  phosphates  :  by  H.  Ste.- 

Cflaire  Deville  and  H.  Caron.     Compt.  rend,  xlvii.  985. 

On  the  changes  which  phosphate  of  lime  undergoes  in  the  soil : 

by  M.  Delierain.     Compt.  rend,  xlvii.  988. 

Agricultural  experiments  in  the  use  of  fossil  phosphate  of  lime  : 

by  M.  de  Molon.      Compt.  rend.  xlvi.  233. 

On  the  deportment  of  chromic  phosphate  with  ammonia  and  other 

reagents  :  by  J.  Bowling  and  JV.  Plunkett.  Chem.  Gaz.  1858, 
220. 

Influence  of  phosphate  of  lime  on  the  production  of  vegetable 

matter. — Remarks  by  M.  O.  Yille  on  a  memoir  by  M.  Bous- 
singault.  Compt.  rend.  xlv.  996. — Reply  by  M.  Boussingault. 
Ibid.  999. 

On  phosphate  of  copper  :    bv  Bergemann.     Pogg.  Ann.  civ.  190 ; 

Phil.  Mag.  [4]  xvi.  339  ;  Repert.  Chim.  i.  19^ 

On  phosphate  of  soda  and  lithia :    by  C.  Bammelsherg.      Pogg. 

Ann.  cii.  441. 

Superphosphate  of  iron  and  lime.     Pharm.  J.  Trans,  xvii.  625. 

Phosphorescence. — Phosphorescence    of    sulphate    and    valerate    of 

quinine  :  by  X.  Landerer.      Buchner's  N.    Repert.  vii.   274  ; 

J.  Pharm.  [3]  xxxiv.  160. 
Pliosphorus. — Manufacture  of  phosphorus.     J.  Pharm.  [3]  xxxiii.  223. 
On  the  use  of  red   phosphorus    in    the    manufacture  of  lucifer 

matches  :  by  G.  JVilson.     Pharm.  J.  Trans,  xvii.  410. 
•  Researches  on  the  phosphorus-bases  :    by  A.    W.  Hofmann   and 

A.  Cahours.     Chem.  Soc.  Qu.  J.  xi.  5Q. 
Researches  on  the  phosphorus-bases  :  hy  A.  W.  Hofmann.      Pliil. 

Trans.  1857,  575  ;  Proc.  Roy.  Soc.  ix.  287,  290 ;    Chem.  Gaz. 

1858,  395. 
Some  reactio)is  of  pentachloride  of  phosphorus :  by  Hugo  Schijf. 

Ann.  Ch.  Pharm.  cvi.  116;  J.  pr.  Cliem.  Ixxiv.  71. 
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Phosphorus. — Therapeutic  employment  of  phosphorus-compounds  ex- 
tracted from  the  medulla  oblongata  of  herbivorous  mammifers : 
by  M.  Band.     Compt.  rend.  xlvi.  858. 

On  a  fat  containing  phosphorus  in  peas :  by  W.  Knop.     Chem. 

Centr.  1858,  479  ;  Chem.  Gaz.  1858,  369. 

Photography. — New  material  for  photography  :  by  M.  Laborde. 
Repert.  Chim.  app.  i.  15. 

On  photography :  by  O.  B.  Berry.     Pharm.  J.  Trans,  xviii.  8. 

Fixing  of  photographic  pictures  :  hj  M.  Gaudinei.     Eepert.  Chim. 

app.  i.  50. 

Unalterable  carbon  pictures.     Eepert.  Chim.  app.  i.  16. 

Use  of  nitrate  of  uranium  in  photography.     J.  pr.  Chem.  Ixxiv. 

67  ;  Eepert.  Chim.  ap.  i.  90. 
Physical  Properties. — On  the  correlation  of  the  physical  properties 

of  bodies:  by  ^.  Masson.     Ann.  Ch.  Phys.  [3]  liii.  257. 
Phtalamiue.' — Note    on    phtalamine,     a    new    alkali    obtained  from 

naphthaliu  :    by  P.  Sclmtzenherger  and  E.    Willm.      Compt. 

rend,  xlvii.  82  ;'  Chem.  Gaz.  1858,  343 ;  Eepert.  Chim.  i.  38. 
Picrolichenin. —  Composition  of  picrolichenin  :    by -4.  Vogel.     J.  pr. 

Chem.  Ixxii.  272. 
Pier 0 toxin. — Eesearches   on   picrotoxin  :     by   M.    GuncJcel.      Arch. 

Pharm.  cvi.  249;  J.  Pharm.  [3]  xxxiv.  78. 
Pinolin. —  On      two     ethereal   illuminating    materials,    pinolin    and 

oleone  :    by  S.  Vohl.     Dingler's  Polvt,  J.  cxlvii.  304  ;  Chem. 

Gaz.  1858,""  850. 
Piperine. — On     the    decomposition    of    piperine     by    potash  :     by 

A.  StrecJcer.      Ann.   Ch.  Pharm.  cv.  317 ;    Chem.  Gaz.  1858, 
330. 

On  piperic  acid,  a  product  of  the  decomposition  of  piperine  :   by 

Prof.  V.  Babo  and  E.  Keller.     J.  pr.  Chem.  Ixxii.  53;  Chem. 

Gaz.  1858,  8,  211. 
Pipette. — New  pipette  for  volumetric  analysis.      Repert.  Chim.  app.  i. 

68. 
Plants, — On  the  assimilation  of  carbon  by  the  leaves  of  plants:  by 

B.  Corenwinder.     Compt.  rend,  xlvii.  483;    Repert.    Chim.   i. 
79;  Repert.  Chim.  app.  i.  36;  Ann.   Ch.  Phys.  [3]  liv.  321. 

On  the  influence  which  the  individual  constitution  of  plants  exerts 

upon  the  seed  :  by  W.  K.  Sullivan.     Atlantis,  p.  437. 

On  the  presence  of  ammonia  and  nitric  acid  in  the  sap  of  plants  : 

by  W.  K.  Sullivan.     Atlantis.  1858,  p.  413. 

Contributions  to  the  chemistry  of  plants  :  by  E.  Witting,  Junr. 

J.  pr.  Chem.  Ixxiii.  132. 

General  conditions  of  plant  life  and  the  functions  of  the  soil  as 

regards  the  nutrition  of  crops.     Pharm  J.  Trans,  xviii.  165. 

Eesearches  on  the  distribution  of  inorganic  elements  in  the  pi-in- 

cipal  families   of  the  vegetable  kingdom  :    by  AIM.  Malaguti 

and  Buroclier.     Ann.  Ch.  Phys.  [3]  Jiv.  257. 
New  researches  on  the  function  of  inorganic  principles  in  the 

nutrition  of  plants  :    by    G.  Ville.      Compt.  rend,  xlvii.  488  ; 

Repert.  Chim.  app.  i.  3. 

Passage  of  phosphates  into  plants.     J.  Pharm.  [3]  xxxiii.  223. 

Platinum. — On  the  amount   of  platinum   in   platinum  residues  :   by 
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A.  MacUe  and  F.  Wahler.      Aun.  Ch.  Pharm.  civ.  368  ;  J.  pr. 
Chem.  Ixxiii.  318;  Chem.  Gaz.  1858,  161. 
Platinum. — Examination  of    auriferous  and  platiniferous   sand:    by 
MM.  Damour  and  Descloizeaux.     Ann.  Ch.  Phys.  [3]  lii.  445. 

On  some  platinum    bases :    by  C.    G.    Williams.      Chem.     Gaz. 

1858,  346. 

On    platinum    from    Borneo  :     by    M.  Bleckrode.       J.  Pharm. 

[3]  xxxiv.  219  ;    Pharm.  J.   Trans,   xviii.   32  ;    Pogg.  Ann. 

ciii.  656. 
Treatment  of  native  platinum  so  as  to  obtain  alloys.     Pharm.  J. 

Trans,  xviii.  233. 

On  the  working  of  platinum.     J.  Pharm.  [3]  xxxiii.  444. 

On  platinocyanide  of  ethyl :  hx  C.  v.  Thann.      Ai\u.  Ch.   Pharm. 

cvii.  315. 
Plumbic   Compounds. — See  Lead. 
Podophyllin. — On  podophvUin  :    by   /.    W.    Cadhury.       Pharm.   J. 

Trans,  xviii.  179,  291. 
Poisons. — On  Chinese  poisons  :  by  D.  J.  Macgowan.     Sill.  Am.  J.  [2] 

xxvi.  225. 

Some  remarks   on  poison  obtained  from  arrows  :    by  H.  J.  B. 

Hancock.  Chem.  Soc.  Qu.  J.  xi.  154 ;  Pharm.  J.  Trans,  xviii. 
195. 

Poly  ammonias. — See  Ammonia. 

Potash. — Action  of  an  alcoholic  solution  of  potash  on  various  chlo- 
rinated compounds  :  by  M.  Berthelot.  Aun.  Ch.  Phys.  [3] 
liv.  87. 

On  tbe  action  of  potash  upon  pelosine  :  by  C.  G.  Williams.  Chem. 

Gaz.  1858,  321. 

On  tlie  action  of  potash  upon  wool :   bv  G.  G.  Williams.     Chemi 

Gaz.  1858,  309. 
— —  On  certain  difierences  of  action  between  potash   and  soda :  by 
M.  jPossoz.     Compt.  rend,  xlvii.  207  ;  Eepert.  Chim.  app.  i.  24, 
57. 

Separation  of  magnesia  from  soda  and  potash :  by  Count  Schaff- 

gotsch.     Pogg.  Ann.  civ.  482  ;  Eepert.  Chim.  i.  59. 
On  a  new  test   for  potash  :  by  W.  Flunkett.     Chem.  Gaz.  1858, 

217  ;  J.  Pharm.  [3]  xxxiv.  371. 
On  a  new  method  of  obtaining  carbonate  of  potash  from  felspar 

and  similar  minerals  :    bv  E.  Meyer.      Diugler's  Polytechn.  J. 

cxliii.  274;  Chem.  Gaz. "1858,  37. 

New  test  for  potash  :  by  31.  Plunkett.     J.  Pharm.  [3]  xxxiv.  371. 

Potash   (Permanganate  of). — See  Manganese. 

Potassium. — Electrolytic  separation  of  potassium  :  by  E.  Linneman. 

J.  pr.  Chem.  Ixxiii.  415. 

Production  of  potassium  by  electrolysis.     J.  pr.  Chem.  Ixxiii.  415  ; 

Pharm.  J.  Trans,  xviii.  233. 
Note   on   potassium-ethyl  and  sodium-ethyl :    by  E.  FranJcland. 

Proc.  Roy.  Soc.  ix.  341;  Chem.  Gaz.  1858,  459. 
Precipitates.-— On    the    drying    and     weighing    of    precipitates    in 

chemical  analysis  :    by  G.  Mene.       Compt.  rend.  xlvi.  1268  ; 

Chem.  Gaz.  1858,437;  J.  Pharm.  [3]  xxxiv.  260;  Pharm.  .1. 

Trans,  xviii.  331. 
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Pressure. — Influence  of  pressure  on  chemical  affinity:  hy  L.  Meyer. 
Pogg.  Ann.  civ.  189 ;  J.  Pharm.  [3]  xxxiv.  159  ;  Phil.  Mag. 
[4]  xvi.  160. 

Primula. — Chemical  examination  of  the  ash  of  the  roots,  leaves,  stems 
aiid  flowers  of  Primula  far  inosa  ;  a  contribution  to  the  know- 
ledge of  the  distribution  of  mineral  substances  in  the  diff"erent 
parts  of  a  plant  :  by  G.  Wittstein.  Ann.  Ch.  Pharm.  cviii.  203. 

Propyl. — On  a  new  base  (bromopropylammonium)  obtained  by  the 
action  of  ammonia  on  terbromide  of  alhyl :  by  M.  Simpson. 
Compt.  rend.  xlvi.  785. 

On  propylic  glycol :  by  A.  Wurtz.     Ann.  Ch.  Pharm.  cv.  202. 

Propylene. — On    a    compound    isomeric    with   bromide    of    bromo- 

propyleue :  by  A.  Perrot.      Compt.   rend,  xlvii.  350  ;  Eepert. 
Chim.   i.  61.  * 
Putrefaction. — On  fermentation  and  putrefaction:    by  M.    Trauhe. 
Pogg.  Ann.  ciii.  331 ;  Eepert.  Chim.  i.  44. 

On    putrefaction   at    low   temperatures  :     by    T.    L.    Pliipson. 

Compt.  rend.  xlv.  1055;  J.  pr.  Chem.  Ixxiii.  460. 
Observations  on  some  of  the  products  of  the  putrefaction  of  vege- 
table and  animal  substances,  and  their  relation  to  pathology  : 
by  W.  K.  Sullivan.     Atlantis.  1858.  p.  202. 


Quinine. — On  the  benzoic  derivatives  of  quinine  :  by  P.  Schutzen- 
herger.  Compt.  rend,  xlvii.  233  ;  Chem.  Gaz.  1858,  426  ; 
Repert.  Chim.  i.  78. 

On  two  new  derivatives  of  quinine  and  cinchonine  :  by  P.  Scliut- 

zenberger.     Compt.  rend.  xlvi.  1065 ;  Chem.  Gaz.  1858,  327. 

On  the  diseases  which  affect  workmen  employed  in  the  preparation 

of  sulphate  of  quinine  :   by  M.  Chevalier.     Compt.  rend.  xlvi. 
895. 

Phosphorescence    of    sulphate    and    valerate    of    quinine   :     by 

X.  Landerer.      Buchuer's  N.  Eepert.  vii.  274 ;  J.  Pharm.  [3] 
xxxiv.  160. 

Eesearches  on  quinine  :    by  P.  Scliutzenherqer.      Compt.  rend. 

xlvii.  81;  Chem  Gaz.  1858,  363  ;  Repert.  Chim.  i.  37. 

Estimation  of  quinine  in   cinchonas,  extracts,  &c.,  by  means  of 

standard  solutions:  by  JO/.  Glenard  and  Guillermond.  Compt, 
rend,  xlvii.  831. 


R. 

Eadicals.— Remarks  on  Kekule's  paper  on  the  so-called  conjugated 
compounds  and  the  theory  of  polyatomic  radicals  :  by 
H.  LimpricTit.     Ann.  Ch.  Pharm.  cv.  177. 
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Kauuuculus. — On  the  vesicating  principle  oi  Ranunculus  sceleratus '. 

by  O.  L.  Erdmann.     J.  Pharm.  [3]  xxxiv.  395. 
Reagents. — New  facts  relating  to  Schweizer's  reagent:   by  /.   Schloss- 

herger.     Ann.  Ch.  Pharm.  cvii.  23. 
Reducing  Agents. — On  the  use  of  a  mixture  of  ferrous  sulphate  and 

caustic  alkali  as  a  reducing  agent :  by  W.  Hempel.     Ann.  Ch. 

Pharm.  cvii.  97  ;  Repert.  Chim.  i.  60. 
Resin. — Occurrence  of  acetic  acid  among  the  products  of  distillation  of 

American  fir-resin  :    by  Chr.   Grimm.     Ann.  Ch.  Pharm.  cvii. 

255. 

Volatile  oils  from  resin,  &c.     Pharm.  J.  Trans,  xviii.  133. 

Resinates. — Use  of  metallic  resinates  in  painting.     Eepert.  Chim.  app. 

i.  54. 
Resins.  —  On  neftedegil,  baikerite  and  asphalt  :    by   B.    Hermann. 

J.  pr.  Chem.  Ixxiii.  220. 

On   ozokerite,  neft-gil,  and  kir :    by  /.  Fritzsche.     J.  pr.  Chem. 

Ixxiii.  321. 
Rhamnus. — On  a  colouring  matter  extracted  from  Rhamnusfrangula: 

by  T.  L.  Fhijyson.     Compt.  rend,  xlvii.  153  ;  Chem.  Gaz.  1858, 

344  ;  Pharm.  J.  Trans,  xviii.  285. 
Rhubarb. — On  some  constituents  of  rhubarb  :  by  Warren  de  la  Rue 

and  Hugo  Miiller.     Pharm.  J.  Trans,  xvii.  572. 

Preparation  of  extract  of  rhubarb,     liepert.  Chim.  app.  i.  25. 

fiocks. — Experiments  on  the  action  of  water,  carbonic   acid,    ammo- 

niacal  salts,  &c.  on  certain  rocks  and  soils  :  by  Th.  Dietrich. 

J.  pr.  Chem.  Ixxiv.  129. 

On  the  action  of  alkaline  and   earthy  chlorides   and    sulphates 

in  the  metamorphism  of  sedimentary  rocks  :  by  Ch.  Ste.-Glaire 

Deville.     Compt.  rend,  xlvii.  89. 

Analyses  of  rocks  in  Algeria.     Ann.  Min  [5]  xii.  677,  680. 

Formation  of  rocks  in  the  wet  way :  by  F.  KiMmann.     Compt. 

rend.  xlvi.  320. 

On  the  metamorphism  of  rocks  :  by  A.  Delesse.  Compt.  rend.  xlv. 

1081 ;  xlvi.  638  ;  xlvii.  219,  495. 
— . —  On  the  probable  origin  of  some  magnesian  rocks  :  by  T.  8.  Hunt. 
Proc.  Roy.  Soc.  ix.  159. 

On  the  products  of  the  decomposition  of  rocks  under  the  influence 

of  thermal  sulphurous  waters:    by  J.    Bonis.     Compt.  rend, 
xlvi.  226. 

Variations   in  rocks   which   split   into   prisms  :    by  A.  Delesse. 

Compt.  rend,  xlvii.  444. 
Rose-water. — Artificial   rose-water  :    by  R.    Wagner.      Chem.    Gaz. 

1858,  352. 
Rumicin. — Ou  rumicin  :    by  G.  v.  Thann.     Ann.  Ch.  Pharm.  cvii. 

324. 
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Sale  p. — On  a  drug  called  royal  salep  :  by  D.  Hanlury.      J.  Pbarm.  [3] 

xxxiii.  261 ;   Pharm.  J.  Trans,  xvii.  501. 
Salicyl — Action  of  chloride  of  acetyl  on  salicylous  acid:  by  E.  Sclmler. 

J.  pr.  Chem.  Ixxii.  259. 
Salicylates. — Occurrence  of  salicylate  of  methyl  in  Monotropa  Hypo- 

litys:  \)^F.  L.  Winckler.     Chem.  Gaz.  1858,  200. 
Saliva. — Action  of  human  saliva  on  the  glucosides:  by  G.  Stddeler. 

J.    pr.  Chem.  Ixxii.  250;  J.  Pharm.  [3]    xxxiii.  157;    Chem. 

Gaz.  1858,  218  ;  Pharra.  J.  Trans,  xvii.  559. 
Salt. — Analysis  of  rock-salt  and  of  salt  from  brine-springs  in  Algeria. 

Ann.  Min.  [5]  xii.  673. 
Salts. — Chemical  action  of  water  on  soluble  salts  :  by  /.  H.  Gladstone. 

Proc.  Eoy.  Soc.   ix.   66 ;    Pharm.  J.  Trans,  xvii.  526  ;  Chem. 

Gaz.  1858,  97 ;  Chem.  Soc.  Qu.  J.  xi.  30. 

On  the  crystalline  form  and  chemical  composition  of  various  salts  : 

by  C.  Marignac.     Ann.  Min.  [5]  xii.  1. 
— —  Examination  of  the   soluble  basic  sesquisalts :  by  J.  M.  Ordway. 

Sill.  Am.  J.  [2]  xxvi.  197. 
On  the  decomposition  of  certain  saline  solutions  by  the  electric 

current :  by  M.  de  Kericuff.     Compt.  rend,  xlvii.  334. 

On  the  extraction  of  salts  from  sea-water :  by  T.  S.  Hunt.     Sill. 

Am.  J.  [2]  XXV.  357. 

On  the  modification  of  the  mean  solubility  of  certain  salt-atoms 

and  of  the  mean  volume  of  their  solutions :  by  P.  Kremers. 
Pogg.  Ann.  ciii.  57  ;  civ.  133. 

Action  of  dilute  saline  solutions  on  silicates  :    by  S.  JElchhorn. 

Pogg.  Ann.  cv.  126. 
Further  observations  on  the  tension  of  the  vapours    of    saline 

mixtures :  by  A.  Willlner.     Pogg.  Ann.  cv.  85. 
Sands. — Examination  of  various  samples  of  auriferous  and  platiniferous 

sand  :  by  MM.  Damour  and  Descloizaux.     Ann.  Ch.  Phys.  [3] 

li.  445. 
Santonine. — Action    of    santonine    on    the    animal    economy  :     by 

M.  Mialhe.     Compt.  rend,  xlvii.  413. 

Influence  of  santonine  on  the  colour  of  the  urine  :  by  M.  Lewy. 

Compt.  rend,  xlvii.  'iztQ. 
Saponin. — On  saponin  :    by  F.  Rochleder.      J.  pr.  Chem.  Ixxii.  394; 

Chem.  Gaz.  1858,  132. 
Sarcine. — On  sarcine :  by  A.  StrecTcer.     Ann.  Ch.  Pharm.  cviii.  129. 

Identity   of  sarcine  and  hypoxanthine  :  by   T.   Sclierer.      Ann. 

Ch.  Pharm.  cvii.  314. 

Schist. — On  the  products  of  the  dry  distillation  of  Rhenish  bituminous 
schist  (Blatterschiefer)  of  Saxon  and  Thuringian  lignite,  and  on 
the  use  of  thet'C  products  as  materials  for  illumination  :  by 
H.  Vohl.  Ann.  Ch.  Pharm.  cvii.  45  ;  Eepert.  Chim.  app.  i. 
37. 

Scyllite. — On  the  occurrence  of  urea,  taurin,  and  scyllite  in 
the    organs    of   plagiostomous   fishes  :     by    G.  Stddeler  and 
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F.  T.  Frerichs.     J.  pr.  Chem.  Ixxii.  48;    Chera.   Gaz.  1858, 

281. 
Schweizer's   Test. — Some   new   focts    relating  to   Schweizer's   test 

(CuONHa)  for  the  hydrates  of  carbon,  cellulose,  dextrin,  &c.:  by 

/.  SMossherger.    J.  pr.  Chem.lxxiii.  871;  Chem.  Gaz.  185S,  336. 
Selenium. — On  a  compound  of  chloride  of  aluminium  with  bichloride 

of  selenium  :  by  R.  Weber.     Pogg.  Ann.  civ.  427  ;  Chem.  Gaz. 

1858,  444 ;  Repert.  Chim.  i.  57. 
On    selenantimoniate   of  sodium  :    by    G.  HofacTcer.      Ann.  Ch. 

Pharm.  cvii.  6  ;  Repert.  Chim.  i.  16. 
Sewage. — On  the  sewage  of  towns  :  by  B.  H.  Paul.      Pharm.  J.  Trans. 

xviii.  18. 
Silica. — Researches  on  silica  :    by  Col.  Philin     YorTce.     Phil.   Trans. 

1857,  533. 
On  the  behaviour  of  molybdate  of  ammonia  with  silicic  acid :  by 

W.  Knop.     Chem.  Gaz.  1858,  13. 

On  the  dimorpliism  of  crystallised  silica:  by  J.  JenzscJi.     Compt. 

rend,  xlvii.  1063. 
Silicates.— Ou  the  part  which  the  silicates  of  the  alkalies  play  in  the 

metamorphism  of  rocks  :  by  T.  S.  Hunt.     Sill.  Am.  J.  [2]  xxv. 

287. 
On  a  condition  uv.der  which  the  silicates  of  the  alkaline  earths  are 

somewhat  readily  soluble  :  by  P.  Bolley.     Ann.  Ch.   Pharm. 

cvi.  223  ;  Chem.  Gaz.  1858,  347. 
Analvses  of  clays  and  various   earthy  silicates  in  Algeria.     Ann. 

Min.  [5]  xii.  683. 

Action  of  dilute  saline  solutions  ou  silicates  :  by  H.  Eichhorn. 

Pogg.  Ann.  cv.  126. 

Soluble  silicate  of  soda  :  water-glass  or  mineral  gum.     Pharm.  J. 

Trans,  xvii.  543. 

Solubility  of  silicate  of  lime  :  by  P.  Bolley.     Eepert.  Chim.  app. 

i.  31. 
Silico-carbonates. — On  natural   silico-carbonates,   their    geological 

position,  and  their  uses  :  by  M.  de  Villeneuve.     Ann.  Min.  [5] 

xiii.  271. 
Silicon. — Estimation  of  silicon  in  cast  iron.     Ann.  Min.  [5]  xii.  696. 

On  some  new  compounds   of  silicon  :  by  F.  Wohler  and  S.  Buff. 

Ann.  Ch.   Pharm.  ciii.   218;  civ.  94;  Chem.  Soc.  Qu.  J.  xi. 
90  ;  Ann.  Ch.  Phys.  [3]  lii.  257. 

On  siliciuretted  hydi'ogen  gas:  by  F.  Wohler.     Ann.  Ch.  Pharm. 

cvii.  112;  Repert.  Chim.  i.  14;  Ann.  Ch.  Phys.[3]  liv.  218. 

On  silicide    of  manganese:  by  F.  Wohler.     Ann.  Ch.  Pharm.  cvi. 

54;  J.  pr.  Chem.  Ixxiv.  79;  Ann.  Ch.  Phys.  [3]  liii.  359;  liv. 
90. 

On  the  isomorphism  of  the  fluosilicates  and  fluostannates,  and  on 

the  atomic  weight  of  silicon :  by  C  Marignac.     Compt.  rend, 
xlvi.  854  ;  Ann.  Ch.  Pharm.  cvii.  94. 

On  some  new  compounds  of  fluoride  of   silicon  :    by   W.  Knop. 

J.    pr.    Chem.  Ixxiv.  28;  J.  Pharm.  [3]   xxxiv.  235  ;  Eepert. 
Chim.  i.  71. 

Oxide  of  silicon  in  the  residue  from  the  solution  of  pig    iron. 

Ann.  Ch.  Pharm.  civ.  374;  J.  pr.   Chem.  Ixxiii.  315. 
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Silk. — Use  of  an  ammoniacal  solution  of  nickel  for  distinguishing  silk 

from  cotton  :  by  J.  ScJilossherger.     J.  pr.  Cheni.  Ixxiii.  369  ; 

Chem.  Gaz.  1853,  370  ;    Ann.  Ch.  Pharin.  cvii.  21  ;  Kepert. 

Chim.  app.  i.  72. 
Silkworms. — On  the  chemical  characters  of  diseases  of  the  silkworms  : 

by  F.  E,  Guerin-Meneville.     Compt.  rend.  xlvi.  1093. 

Composition  of  the  skin  of  silk-worms  by  31.  Peligot.     Compt. 

rend,  xlvii.  1034. 
Silver. — On  the  argentico-alkaline  cyanides:  hj  S.  Baiip.     Ann.  Ch. 

Phys.  [3]  liii.  462. 
Loss  of  lead  and  silver  ores  in  washing.  J.Fr.Inst.  [3]  xxxv.  61, 138. 

On  the  assaying  of  plated  articles  :  by  F.  Pisani  and  P.  Schmidt. 

Compt.  rend.  xlvi.  1209. 

Method  of  cleaning  silver  :  by  B.  Bbttger.     B-epert.  Chim.  app. 

i.  96. 

On  a   silver-compound  analogous  to  the  purple  of  Cassius :  by 

a.  Schulz.  J.  pr.  Chem.  Ixxiii.  173  ;  Chem.  Graz.  1857, 
401. 

Action  of  chloride  of  benzoyl  on  sulphate  of  argent-diammoniura  : 

by  A.  Engelhardt.     Petersb.  Bull.  Piiys.  math.  xvi.  296. 

Action  of  nitrate  of  silver  on  the  chloride,  bromide  and  iodide  of 

tbat  metal :  by  A.  Riche.     J.  Pharm.  [3]  xxxiii.  343. 

Silver  in  sea-water  :  by  ^S*.  Bleckrode.     Pogg.  Ann.  cii.  478. 

Smoke. — Use  of  smoke  to   preserve  vines  from   frost:  by  J/.   Boiis- 

singault.     Ann.  Ch.  Phys.  [3]  lii.  485. 
Snails. — Chemical  examination  of  the  snail  which  attacks  the  vine  :  by 

M.  Gobley.     J.  Pharm.  [3]  xxxiii.  161. 
Soda.^On  the  composition  and  analysis  of  black  ash  or  ball  soda  :  by 

J.  W.  Kynaston.     Chem.  Soc.  Qu.  J.  xi.  155. 

On  certain  differences  in  the  action  of  potash  and  soda  on  organic 

substances  in  the  formation  of  oxalates  and  cyanides  :  by 
31.  Fossoz.  Compt.  rend,  xlvii.  207 ;  Repert.  Chim.  app. 
24,  57. 

A  new  mode  of  making  commercial  soda :  by  J.  M.  Ordway.     Sill. 

Am.  J.  [2]  xxvi.  364. 

Separation  of  magnesia  from   soda  and  potash  :  by  Count  Schaff- 

gotsck.     Pogg.  Ann.  civ.  482  ;  Eepert.  Chim.  i.  59. 

On  the  preparation  of  commercial  carbonate  of  soda  from  sulphate 

of  soda  and  sesquioxide  of  iron:  by  A.  Stromeyer.     Ann.  Cii. 

Pharm.  cvii.  333. 
Sodamide. — On  sodamide :    by  F.  Beilstein  and  A.    Geutlier.     Ann. 

Ch.  Pharm.  cviii.  88.  ^ 

Sodium. — On    selenantimouiate   of  sodium:  by   G.  Hofacker.     Ann. 

Ch.  Pharm.  cvii.  6  ;  Eepert.  Chim.  i.  16. 

Note  on  sodium-ethyl  and  potassium-ethyl:    by   E.  Frcmkland. 

Proc.  Roy.  Soc.  ix.  341 ;  Chem.  Gaz.  1858,  459. 
Soils. — On  the  absorption  of  vapour  of  water  by  the  soil :    by  Prof. 
V.  Baho.     J.  pr.  Chem.  Ixxii.  273. 

On   certain   properties    of    soils:    by  J.   v.  Liehig.      Ann.    Ch. 

Pharm.  cv.  109;  J.  pr.  Chem.  Ixxiii.  351;  Repert.  Chiin.  app. 
1858,  1 ;  Chem.  Soc.  Qu.  J.  xi.  53. 

On  the  relation  of  Chili  saltpetre,  common  salt  and  sulphate  of 
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ammonia  to  the  soil:  by  J.  v.  Liehig.     Ann.  Ch.  Pharm.  cvi. 

185  ;  Eepert.  Chira.  app.  i.  33. 
Soils. — Action  of    ammonia    and  ammoniacal  salts  on  the    soil  :    by 

W.  Henneherg  and  F.  Stolimann.     Ann.  Ch.  Pharm.  cvii.  152. 
Punctions  of  the  soil  as  regards  the  nutrition  of  crops.    Pharm. 

J.  Trans,  xviii.  164. 

Experiments  on   the  chemical   action   of    water,   carbonic   acid, 

ammoniacal     salts,   &c.,    on     certain    rocks    and     soils  :    bv 

Th.  Dietrich.     J.  pr.  Chera.  Ixxiv.  129. 
Sorghum. — See  Sugar-cane. 
Specific  Grravity. — See  Density. 
Spices. — Use   of  sulphide  of  carbon    for    preparing    soluble    spices. 

Eepert.  Chim.  app.  i.  61?. 
Spirator. — On  a  new  form  of  spirator :  by  F.   Guth-ie.     Phil.  Mag. 

[4]  XV.  64. 
Stables. — Sanitary  condition  of  stables.     Pharm.  J.  Trans,  xvii.  532. 
Stannethyl. — On    the  constitution   of    the  stannethyl   radicals  :    by 

A.  Strecl-er.     Ann.  Ch.  Pharm.  cv.  310. 
Stannic  Compounds. — See  Tin. 
Starch. — On   the   existence  of  amorphous   starch   in  a   tuberaceous 

fungus,  hj  F.  Ourrey.     Proc.  Roy.   Soc.   ix.  119;  Pbarm.  J. 

Trans,  xvii.  524. 

On   the   various    conditions   of  starch  :   by   A.  Trecul.     Compt. 

rend,  xlvii.  685. 

Action  of  heat  upon  starch:  by  A.  Gelis.     J.  Pharm.  [3]  xxxiii. 

405  ;  Pharm.  J.  Trans,  xviii.  136. 

Origin  of  granular  starch  :    by  A.    Trecul.     Compt.   rend,  xlvii. 

782. 
Stauroscope. — Stauroscopic  observations:  by  Dr.  v.  Kohell.     J.  pr. 

Chem.  Ixxiii.  385. 
Stib ethyl. — On  the    constitution    of  the    stibethyl  compounds:    bv 

A.  SlrecTcer.     Ann.  Ch.  Pharm.  cv.  300  :  Chem.  Gaz.  1858,270. 
Stove. — Note  on  a   stove   with  a  current  of  air:    by    Dr.    Conlier. 

J.  Pharm.  [3]  xxxiii.  256. 
Stramonium. — Influence  of  liquor  potassse  and   other  fixed    caustic 

alkalies  on  henbane,  belladonna  and  stramonium :    by  A.  B. 

Garrod.     Pharm.  J.  Trans.  462  ;  xviii.  174. 
Strontia. — On   the   coloration   of  native   sulphate   of    strontia  :    by 

Wittstein.     Ann.  Min.  [5]  xiii.  55. 

Solubility  of  sulphate  of  sLrontia  in  nitric,  hydrochloric  and  acetic 

acid:  by  R.  Fresenius.      Ann.  Ch.  Pharm.  cvi.  220;    Chem, 
Gaz.  1858,  338. 
Strontium.- — On  the  equivalent  weight  of  strontium  :  by  C.  Marignac. 
Ann.  Ch.  Pharm.  cvi.  165. 

Action  of  sulphuric  acid  on  strontium-compounds  :  by  Lies-Bodart 

and  E.  jacqiiemin.       Compt.    rend.   xlvi.   1206 ;  Chem.  Gaz. 
1858,  446 ;  Eepert.  Chim.  app.  i.  69. 

Preparation  of  pure  strontium-compounds  :  bv  H.  Wurtz.     Sill. 

Am.  J.  [2]  xxvi.  189. 
Strychnine. — On  the  benzoic  derivatives  of  strychnine:  by  P.  ScTiut- 
zenherger.     Compt.  rend,  xlvii.  233;  Chem.  Gaz.  1858,  420; 
Eepert.  Chim.  i.  78. 
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Strychnine. — On  the  cliromates  of  strychnine  and   brucine.     J.   pr. 
Chem.  Ixxii.  314. 

On  the  detection  of  strychnine  in  the  dead  body.     J.  pr.  Chem, 

Ixxii.  312. 

Researches  on  strychnine :  bv  P.  Schutzenherger.     Compt.  rend. 

xlvii.  79;  Chem.  Gaz.  1858,  38G ;  Repert.  Chim.  i.  37. 
Styptite. — See  Goal. 
Substition. — On  some  substitution-products  obtained  with   ternary 

acid  radicals  :  by  C.  Naclibaur.     Ann  Ch.  Pharm.  cvii.  243. 
Sugar. — Chemical  examination  of  the  commercial  varieties  of  brown 

sugar:  by  J.  H.  Alexander  and   C.  Morfitt.     Sill.  Am.  J.  [2] 

XXV.  393  ;  Chem.  Gaz.  1858,  151. 

Experimental    inquiry  into  the  alleged  sugar-forming  function  of 

the  liver  :  by  F.  W.  Pavy.     Proc.  Roy.  Soc.  ix.  300. 

Report  on  the  formation  of  glycogenous   matter  in  the  animal 

economy  :  by  M.  Pogginle.     J.  Pharm.  [3]  xxxiv.  99. 

On  the  formation  of  alcohols,  acids  and  glycerides  from  sugar  :  by 

C.  BoedeJcer.  Ann.  Ch.  Pharm.  cvi.  172  ;  Pharm.  J.  Trans, 
xviii.  168. 

On  the  influence  of  pure  water  and  of  water  containing  various 

salts  on  cane-sugar:  by  A.  Bechamp.  Compt.  rend.  xlvi. 
44. 

Report  on  the  glycometric  process  of  M.  Luton :  by  M.  D  ucom 

J.  Pharm.  [3]  xxxiii.  354. 

On  the  conversion  into  sugar  of  the  various  proximate  principles 

contained  in  the  tissue  of  invertebrate  animals :  by  M.  Ber 
fhelot.  Compt.  rend,  xlvii.  227 ;  Chem.  Gaz.  1858,  361  ; 
Repert.  Chim.  i.  69. 

On  the  products  furnished  by  starch  and  sugar  when  heated  :  by 

A.  Gelis.  Compt.  rend.  xlv.  709;  Chem.  Gaz.  1858,  176; 
J.  Pharm.  [3]  xxxiii.  145 ;  Pharm.  J.  Trans,  xviii.  136. 

On  the  influence  exerted  by  water  either  pure  or  containing  various 

salts  on  cane-sugar  at  ordinary  temperatures:  by  A.  Bechamp. 
Ann.  Ch.  Phys.  [3]  liv.  28  ;  Repert.  Chim.  i.  68. 

On  the  occurrence  of  sugar  in   healthy  human  urine :  by   Ernst 

BrucTce.     J.  pr.  Chem.  Ixxiv.  115  ;  Repert.  Chim.  i.  115. 

Delicate  test  for  grape-sugar:  by  J.  Lbwentlial.      J.  pr.  Chem. 

Ixxiii.  70  ;  Chem.  Gaz.  1858,  280. 

Indigo  as  a  test  for  glucose  :  by  M.  Mulder.     J.  Pharm.  [3]  xxxiv. 

453. 

Quantitative  estimation  of  sugar:    by   H.    Feliling.      Ann.    Ch. 

Pharm.  cvi.  75  ;  Chem.  Gaz.  1858,  297 ;  J.  pr.  Chem.  Ixxiv. 
371. 

Determination  by   means   of  fermentation,  of  the  small   quanti- 

ties of  glucose  contained  in  liquids  of  very  small  volume  :  by 
M.  Poiseuille.     Compt.  rend,  xlvii.  906. 

On  the  compounds  of  sugar  with  lime  :  by  E.  Pdigot.     Ann.  Ch. 

Phys.  [3]  liv.  377. 

On  the  clarification  of  sugars  and  other  saccharine  matters  by  the 

use  of  soaps  :  by  M.  Basset.  Compt.  rend.  xlv.  1097 ;  Chem. 
Gaz.  1858,  97. 

Refiningof  suga.-.     Pharm.  J.  Trans,  xvii.  512. 
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Sugar. — On   some   new   kinds  of  sugar:  hy  M.  Berthelot.     Ann.  Ch. 

Pharm.  cviii.  117. 
Compounds    of    tartaric    acid  with    saccharine    substances :    by 

M.  Berthelot.     Ann.    Ch.    Phys.    [3]  liv.  74 ;  J.   Pharm.  [3] 

xxxiii.  95. 
On   the  origin  of  chyle-sugar  :  by  M.  Colin.     Compt.  rend.  xlvi. 

1264;   Report  by  MM.  Poisseuille  and  Lefort  ibid,  xlvii.  112 ; 

Report  by  M.  Colin.    Ibid.  334. 
On  melezitose,  a  new  species  of  sugar :  by  M.  Berthelot.     Compt. 

rend,  xlvii.  224  ;  Chem.  Gaz.  1858,  388;  Repert.  Chim.  i.  42. 
On  mycose,   the    sugar   of    ergotized   rye :    by  E.  Mitscherlich. 

Berl.  Akad.  Ber.  1857,  469 ;  Pharm.  J.  Trans,   xvii.  558 ;  J. 

pr.  Chem.  Ixxiii.  65  ;  Ann.  Ch-   Pharm.  cvi.  15 ;  Chem.   Gaz. 

1858  ,  123. 
On   the   saccharine  matter  of  sorghum :  by  M.  Jackson.     Compt. 

rend.  xlvi.  55. 
On  trehalose    a  new  kind  of  sugar :   by  M.  Berthelot.     Compt* 

rend.  xlvi.  1276 ;    Pharm.  J.  Trans,  xviii.  233. 
Sugar-cane. — Researches  on  the  sugar  of  the  Sorghwn  saccharatum,  or 

Chinese  sugar-cane:  by  M  Leplay.     J.  Pharm.  [3]  xxxiii.  336; 

Compt.  rend.  xlvi.  444;  also  J.  Pharm.  [3]  lii.  287.     Also  by 

J,  S.  Levering.     J.  Fr.  Inst.  [:S]  xxxv.  125  ;  also  by  G'ossmann. 

Ann.  Ch.  Pharm.  civ.  335. 
Sulphates. — Action  of  aqueous  vapour  and  carbonic  oxide  on  certain 

sulpliates  :  by  E.  Jacquemin.     Compt.  rend.  xlvi.  1164 ;  Chem. 

Gaz.  1858,  406. 
On  the  formation  of  glauberite  in  the  wet  way,  and  on  a  new 

double   salt   of  sulphate  of  soda  and  sulphate  of   lime :    by 

J.  Fritzsche.     J.  pr.  Chem.  Ixxii.  291. 
On  the  preparation  of  some   pure   sulphates  and  particularly  of 

sulphate  of  copper:  by  H.  Wurtz.     Sill.  Am.  J.  [2]  xxvi.  367. 
Solubility  of  sulphate  of  baryta :  by  O.  L.  Erdmann.     J.  Pharm. 

[3]  xxxiv.  395. 
Acid  sulphate  of  magnesia :  by  Hugo  Schiff.     Ann.  Ch.   Pharm. 

cvi.  115  ;  J.  pr.  Chem.  Ixxiv.  75. 
Solubility  of    sulphate   of    strontia   in   nitric,   hydi'ocliloric,   and 

acetic  acid  :    by  B.   Fresenius.     Ann.  Ch.  Pharm.  cvi.  220 ; 

Chem.  Gaz.  1858,  338. 
Sulphides. — On  the  fixation  of  the  metallic  sulphides  in  cotton  print- 
ing :  by  H.  Sacc.     Chem.  Gaz.  1858,  339. 
Researches   on    bisulphide  of  carbon  :    by   31.   Schlagdenhauffen. 

J.  Pharm.  [3]  xxxiv.  175. 
Use  of  sulphide  of  carbon  for  preparing  soluble  spices.     Repert. 

Chim.  app.  i.  64. 
Method  of  preventing  the  ill  effects  produced  by  the  inhalation  of 

bisulphide  of  cnrbon  :  by  H-  Masson.     Compt.  rend.  xlvi.  683. 
Action   of  bisulphide  of  carbon  in  trietliylphosphine :  by  A.   W. 

Hofmann.     Proc.  Roy.  Soc.  ix.  290  ;  Chem.  Gaz.  1858,  398. 
Compounds  of  the  sulphides  of  ethyl  and  methyl  with  mercuric 

iodide:  by   A.  Loir.      Compt.    rend.    xlvi.    1280;    Ann.   Ch. 

Pharm.  cvii.  234;    Ann.  Ch.  Phys.  [3]  liv.  42;   J.  Pharm.  [3] 

xxxiv.  87. 
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Sulphides. — Process  for  the  quantitative  estimation  of  sulphides,  sul- 
phites, hyposulphites  and  sulphates  in  presence  of  each  other, 
as  adopted  in  the  determination  of  these  salts  in  "  soda- waste" 
as  obtained  from  "black-ash":  hy  J.  W.  Kynaston.  Chem. 
Soc.  Qu.  J.  xi.  1(J6. 

Sulphites. — On  the  decoloration  of  indigo-solution  by  acid  sulphites: 
by  C.  F.  Schdnhein.  Pogg.  Ann.  civ.  300 ;  Repert.  Chim. 
i.  79. 

Sulphobenzolamide. — On  sulphobenzolamide  and  sulphotoluolamide  : 
byi^.  Fittig.     Ann.  Ch.  Pharm.  cvi.  277. 

Sulphocyanides. — Notes  on  the  action  of  oxidizing  agents  on  sulpho- 
cyanides :  by  E.  A.  Hadow.  Chem.  Soc.  Qu.  J.  xi.  174  ; 
Eepert.  Chim.  i.  37. 

Note  on  researches  on  the  cyauate  and  sulphocyanate  of  naphtyl : 

by  A.  W.  Hofmami  and  V.  Hall.     Proc.  Roy.  Soc.  ix.  367. 
On  cyanate  and  sulphocyanide  of  phenyl :  hj  A.  W.   Hofmann. 

Proc.   Roy.  Soc.  ix.  274;  Compt.  rend,  xlvii.  422;  Ann.  Ch. 

Phys.  [3]  liv.  200. 
Action  of  ammonia  on  the  sulphocyanides  of  the  alcohol-radicals  : 

by  A.  Kremer.     J.  pr.  Chem.  Ixxiii.  365. 
On  sulphocyanides  of  potassium  :  by  G.  Nollner.   Ann.  Ch.  Pharm. 

cviii.  8. 
Sulphotoluolamide . — See  Sulphobenzolamide. 
Sulphur. — Allotropic  modifications  of  sulphur.     Pharm.  J.  Trans,  xvii. 

423. 
On  the  different  states  of  sulphur  separated  from  its  compounds : 

by  S.  Chez.     Compt.  rend.  xlvi.  485  ;  Chem.  Gaz.  1858,  229. 
Amorphous  and  crystallizable  sulphur  :  by  M.  Mares.     J.  Pharm. 

[3]  xxxiii.  441. 
On  the  relations  which   exist  between  the  modifications  of  sulphur 

and  the  nature  of  its  compounds  :  by  M.  Berthelot.     Compt. 

rend.  xlvi.  571. 
New  observations  on  the  various   states  of  sulphur  and  on  its 

direct  combination  with  nascent  hydrogen  :  by  M.  Boussingault. 

Compt.  rend,  xlvii.  819. 

New  remarks  on  sulphur :  by  M.  Berthelot.  Compt.  rend,  xlvii.  910. 

Action  of  chloride  of  sulphur  on  oils  :  by  Z.  Boiissin.     Compt. 

rend,    xlvii.    877 ;   also    by    M.    Perra.  ibid.    878 ;    also  by 

J.  Nickles.     Compt.  rend,  xlvii.  972. 
On   a  reaction   of  amorphous  sulphur :    by  Bean  de   St.-Gilles.  ■ 

Compt.  rend.  xlvi.  570. 

On  blue  sulphur:  by  C.  Nollner.     Ann.  Ch.  Pharm.  cviii.  8. 

Analysis   of  sulphur-compounds   by   means   of    permanganate   of 

potash :    by   *S^.    Chez   and   F.    Guignet.      Compt.  rend.  xlvi. 

1110. 
On  the  crystallization  of  sulphur  from  bisulphide  of  carbon ;  by 

H.  Behray.     Compt.  rend.  xlvi.  576. 
Action  of  nitric  acid  on  insoluble  sulphur  and  on  crystallizable 

sulphur:  by  L.  Bean  de  St.-Gilles:     Ann.  Ch,  Pliys,  [3]  liv. 

49;  Repert.  Chim.  i.  56. 
Estimation  of  sulphur  bv  means  of  chlorate  of  potash.     Ann.  Ch. 

Pharm.  cvii.  128. 
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Sulphur. — Sulphur  and  silicon  in  steel.     Ann.  Miu.  [5]  xii.  697. 
On  a  compound  of  chloride  of  aluminium  with  bichloride  of  sul- 
phur :     bv  B.   Weier.      Pogg.  Ann.  civ.  421 ;     Cham.   Gaz. 

1858,  444.";  Eepert.  Chim    i.  51. 
On    the  sulpharsenietted  hydrogen  contained  in  the   sulphurous 

waters  of  Tivoli :  by  3I3I.  Viale  and  Latini.      J.  Pharm.  [3] 

xxxiii.  174. 
On    the    sulphuric    derivatives  of    the  vegetable    alkaloids :    by 

P.    Schutzenherger.     Compt.   rend,  xlvii.  235  ;  Hepert.  Chim. 

i.  77. 
On   the  chlorides  of  sulphur :  by  L.  Carius.     Ann.   Ch.  Pharm. 

cvi.  291 ;  Ann.  Ch.  Phys.  [3]  liv.  233 ;  Eepert.  Chim.  i.  11. 

Estimation  of  hydrosulphuric  acid,  when  it  occurs  in   small  pro- 

portion in  gaseous  mixtures :  by  E.  Monier.      Compt.  rend, 
xlvii.  998. 

On  the   sulphuring  of  the   vine :    by  M.  Mares.     J.  Pharm.   [3] 

xxxiii.  439. 

Theory  of  the    sulphuring    of  the   vine :     by  F.    de    la    Verpie. 

Compt.  rend.  xlvi.  1133  ;  Eepert.  Chim.  app.  i.  36. 
Supersaturation. — Crystallization  of   supersaturated   solutions:    by 
Huffo  Schiff.     Ann.  Ch.  Pharm.  cvi.  Ill ;  J.  pr.  Chem.  Ixxiv. 
73. 
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Taigu. — On  a  new  acid  extracted  from  the  taigu  wood  of  Paraguay  : 

by  M.  Arnaudon.     Compt.  rend.  xlvi.  1152. 
Tallow. — On  the  tallow  of  JSrindonia  indica  :  by  J.  Souis  and  d' Oliveira 

Pimentel.     Compt.  rend.  xliv.  1355  ;  J.  pr.  Chem.  Ixxiii.  176. 
Tanghinia. — On  the  physiological  action  of  the  Tanghinia  venenifera : 

by  A.  KoUiker.     Proc.  Roy.  Soc.  ix.  173. 
Tannin. — Volumetric   estimation  of  tannin :  by  E.   Monier.     Compt. 

rend.  xlvi.  577. 
On   the   tannin   of  galls :    by   A.  Kaioalier.     Chem.    Gaz.  1858, 

421. 
On  the  tannin  of  the  gall-nut:  by  F.  RoMeder.     J.  pr.  Chem. 

Ixxiii.  57,  Ixxiv.  28;  Eepert.  Chim.  i.  4. 
Tannin  and  tannic  extracts  :  by  M.  Frezon.     Eepert.  Chim.  app. 

i.  88. 
Tanning. — Eesearches  on   tanning:   by  M.   Knapp.     Eepert.    Chim. 

app.  i.  6,  41. 
Tantalates. — On   the  tantalates  :  by   H.   Bose.     J.  pr.  Chem.  Ixxii. 

43. 
Tantalum. — On  the  composition  of  natural  minerals  containing  tan- 

talic  acid :  by  H.  Bose.     Pogg.  Ann.  civ.  85;    Eepert.  Chim. 

i.  18 ;  J.  pr.  Chem.  Ixxiv.  63. 
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Tantalum. — On  the  separation  of  tantalic  acid  from  the  acids  in  tlie 

columbites  :    by    F.   Oesten.      Pogg.   Ann.    ciii.    184;    Chem. 

Gaz.  1858,  179  ;  J.  pr.  Chem.  Ixxiii.  377,  503. 
Tar. — Preliminary  notice  of  a  peculiar  hydrocarbon  from  wood-tar  :  by 

R.  Fehling.     Ann.  Ch.  Pharm.  cvi.  387. 
Taurin. — On  the  occurrence  of  urea,  taurin,  and  scyllite  in  the  organs 

of  plagiostomous  fishes  :    by    G.  Stddeler  and  F.  T.  Frerichs. 

J.  pr.  Chem.  Ixxiii.  48  ;  Chem.  Gaz.  1858,  281. 
Tebinguel-Sakesey.  —  On    Ghaidjir    and     Tebinguel-Sakesey :     by 

31.  Bourlier.     J.  Pharm.  [3]  xxxiii.  181. 
Temperature. — See  Heat. 

Tellurium. — On  the  composition  of  bromide  of  tellurium  and  potas- 
sium, and    on  the  equivalent  of  tellurium  :    by  C.  v.  Hauer. 

3.  pr.  Chem.  Ixxiii.  98  ;  Chem.  Gaz.  1858,  81. 
Compound  of  chloride  of  aluminium  with  bichloride  of  tellurium  . 

by  R.  Weber.     Pogg.  Ann.  civ.  427  ;  Chem.  Gaz.  1858,  444 ; 

Eepert.  Ciiim.  i.  57. 
Terebinth. — On  some  products  of  the  terebinth  {Pisfacio  Terehinthus) : 

by  S.  H.  Maltass.     Pharm.  J.  Trans,  xvii.  540. 
Theory,  Chemical.- — On  a  new  chemical  theory  :  by  ^.  Coiiper.     Ann. 

Ch.  Phys.    [3]    liii.   469 ;  Compt.  rend.   xlvi.    1157  ;  Eepert. 

Chim,    i.    49 ;  Eemarks    thereupon   by  M.  Fekule.     Compt. 

rend,  xlvii.  378. 
T e  t  r  a m  m  0  n i  u  m. — See  Ammonium. 
Thermometer. — Notice   of    another  new   maximum    and  minimum 

mercurial  thermometer:    by  J.  G.  llacvicar.     Cliem.  Soc.  Qu. 

J.  xi.  106. 
On  the  evidence  of  a  graduated  difference  between  the  thermome- 
ters   of    air  and  mercury  below  100°  C,  derived  from   Eeg- 

nault's   observations   on   the  tension  of  aqueous   vapour  :    by 

J.  Waterston.     Phil.  Mag.  [4]  xv.  212. 
Ou   the   electric   thermometer:  hj  M.  Becquerel.     Compt.   rend. 

xlvii.  717. 
Thuja. — Tannic   acid  from  the  green  parts  of  Thuja  occide^italis  :    by 

F.  Roclileder.     J.  pr.  Chem.  Ixxiv.  19. 
Yellow  colouring  matters  of  the  green  parts  of  Thuja  occidentalis  '■ 

by  F.  Roclileder.     J.  pr.  Chem.  Ixxiv.  8. 
Tin. — On  some  compounds  of  tin  and  arsenic  :    by  A.  Level.     Ann.  Ch. 

Pliys;  [3]  liv.  226. 
Distinction   and  separation  of  arsenic   from  antimony  and  tin  : 

by  R.  Bunsen.      Ann.  Ch.  Pharm.  cvi.  1  ;    Ann.  Ch.  Phys.  [3] 

liv.  91 ;    Pharm.  J.  Trans,  xviii.  230;    Chem.  Gaz.  1858,  311. 
On   the   isomorpliism   of  the   fluosilicates   and   fluostannates :  by 

C.  Marignac.  Compt.  rend.  xlvi.  854;  Ann.  Ch.  Pharm.  cvii.94. 
On  the  isolation  of  stannic  ethyl :  by  G.  B.  Biickton.      Proc.  lioy. 

Soc.  ix,  312  ;  Chem   Gaz.  1858,  419. 
Process  for  coating  iron  and  other  metals  with  tin  :    by   G.  T. 

Boiosfield.     Eepertory    of     Patent    Inventions,    Nov.    1857  ; 

J.  Pr.  Inst.  [3]  XXXV.  277. 
Tissues. — Process  for  rendering   tissues  impermeable  to  liquids:    by 

MM.  Murmann  and  Krakowiser.     J.  Pharm.    [3]  xxxiv.  217  ; 

Eepert.  Chim.  app.  i.  27. 
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Titanium. — Researches  on  titanium  and  its  special  aflSnity  for  nitrogen: 

by  F.  WoMer  and  H.  Ste.-Claire  Deville.     Ann.  Ch.  Phys  [3] 

lii.  92. 
On  the  composition  of  titaniferous  iron  :   by    C.    Rammelsberg. 

Pogg,  Ann.  civ.  497. 

Analyses  of  titaniferous  iron.     Ann.  Min.  [5]  xiii,  60,  61. 

On  a  new  mode  of  formation  of  nitride  of  titanium.     Ann.  Ch. 

Pharm.  cv.  108  ;  J.  pr.  Chem.  Ixxiii.  189. 
On   some   compounds  of  titanic  acid   with   zirconia :    by    G.  M. 

Warren.     Pogg.  Ann.  cii.  449. 
Tobacco-smoke. — On    the   amounts   of    sulphuretted   hydrogen   and 

hydrocyanic  acid  in  tobacco-smoke  :  by  A.  Yogel  and  C.  Rek- 

chauer.     Dingler's  Polytecli.  J.  cxlviii.  231;  Chem.  Gaz.  1858, 

364 ;  Eepert.  Chim.  app.  i.  99. 
Tobacco. — Simple  apparatus  for  determining  the  amount  of  nicotine 

in  tobaccos  :  by  /.  Schiel.     Ann.   Ch.  Pharm.   cv.  257  ;  J.  pr. 

Chem.  Ixxiv.  127. 
Torsion.  —  Relations    between    magnetism,    heat    and    torsion:     by 

G.   Wiedemann.     Pogg.  Ann.  ciii.  563     Ann.  Ch.  Phys.  [3] 

liii.  379. 
Trehala. — On  a  pharmaceutical  substance  called  2^n?7mZ«  produced  by 

an  insect  of  the  weevil  tribe :  by  M.  Guibourt.     Compt.  rend. 

xlvi.  1213;  J.  Pharm.  [3]  xxxiv.  81;  Eepert.   Chim.   app.  i. 

61. 
Trehalose. — On  trehalose,   a  new  kind  of  sugar:  by   M.  Berthelot. 

Compt.  rend.  xlvi.  1276;  Pliarm.  J.  Trans,  xviii.  233. 
Trimethylamine. — Action  of    bibromide  of  ethylene  on   trimethyl- 

amine  :    by  A.  W.  Hofmann.     Proc.  Eoy.  Soc.  ix.  293  ;  Chem. 

Gaz.  1858,  434. 
Triethylphosphine. — Action  of  bibromide  of  ethylene   on  triethyl- 

phosphine  :    by  A.  W.  Hofmann.     Proc.    Eoy.   Soc.   ix.   287 ; 

Compt.  rend,  xlvii.  558;  Chem.  Gaz.  1S5S,  396. 
Action    of  bisulphide  of  carbon    on  triethylphosphine :  by  A.  W. 

Hofmann.     Proc.  Eoy.  Soc.  ix.  290;  Chem.  Gaz.  1858,  398. 
Tropaiolum. — On   the  leaves  of  Tropceolum  majus  :    by  F.  Bochleder. 

J.  pr.  Chem.  Ixxii.  393. 
Tungsten. — On  nitride  of  tungsten.     Ann.  Ch.  Pharm.  cv.  258;  Phil. 

Mag.  [4]  XV.  488;  J.  pr.  Chem.  Ixxiv.  80 ;  Chem.  Gaz.  1858, 334. 
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